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This report i s  a r e s u l t  of work performed by the Arizona 
Bureau o f  Geology and Mineral TeehnoZogy, tkrough a Bendix 
Field Engineering Corporation Subcontract, as part of the  
National Uraniwn Rssource Evaluation. NURE i s  a program 
of the U. S. Department of Energy ' s  Grand Junction, Colorado, 
O m c e  t o  acquire and compile geologic and other information 
wi th  which t o  assess the magnitude and d i s t r ibu t ion  of uraniwn 
resources and t o  determine areas favorable for the occurrence 
of uraniwn i n  the UnCted States .  

This report was prepared as an account of work sponsored by 
an agency of the  United States  Government. Neither the 
United States  Government nor any agency thereof,  nor any of 
the i r  employees, makes any warranty, express or implied, or 
asswnes any legal Ziabi Z i t y  or responsibi l i ty  for the accuracy, 
completeness, or use fulness of any information, apparatus, 
product, or process disclosed, or represents tha t  i t s  use 
would not in fr inge privately owned r igh ts .  Reference herein 
t o  any spec i f i c  comercial  product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not 
necessarily const i tu te  or i m p l y  i t s  endorsement, recomenda- 
t ion,  or favoring by the United States  Government or any 
agency thereof. The views and opinions of authors expressed 
herein do not necessarily s ta te  or r e f l e c t  those of  the United 
States  Government or any agency thereof.  
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ABSTRACT 

Nine hundred and s i x t y - f i v e  n a t u r a l  r a d i o a c t i v e  occurrences  of uranium, 
some conta in ing  thorium, a r e  known f o r  Arizona. Of t h e s e ,  328 l o c a l i t i e s  
were t h e  sou rce  of 18 .1  m i l l i o n  pounds of U3O8between 1948 and 1970. About 
43  m i l l i o n  pounds of V205were p r e sen t  i n  t h e  uranium o r e s .  Ninety-nine per-  
c en t  of Arizona 's  t o t a l  p roduc t ion  i s  from t h e  T r i a s s i c - J u r a s s i c  sedimentary 
rocks  of t h e  Colorado P l a t eau ,  approximately ha I f  of which came from t h e  S a l t  
Wash Member of t h e  Morrison Formation i n  t h e  Car r izo  and Lukachukai Mountains. 
H i s t o r i c a l l y ,  on ly  a smal l  amount of uranium has  been produced from t h e  Basin 
and Range Province.  However, r e c e n t  e x p l o r a t i o n  has  shown s i g n i f i c a n t  uranium 
p o t e n t i a l  i n  l a t e  T e r t i a r y  sediments i n  t h i s  r eg ion .  

Arizona 's  l a r g e s t  s i n g l e  uranium d e p o s i t  has  been a t  t h e  Monument No. 2 
Mine of Apache County. There ,  about  5.2 m i l l i o n  pounds of U308 and n e a r l y  e leven  
m i l l i o n  pounds of V205core produced from a s i n g l e  channel  d e p o s i t  i n  t h e  
Shinarump Member of t h e  T r i a s s i c  Chinle  Formation. 

Eighteen major groupings of uranium occur rences  a r e  recognized i n  Arizona 
f o r  t h e  purposes of c l a s s i f i c a t i o n s ;  e leven  on t h e  Colorado P l a t eau  p o r t i o n  
of t h e  S t a t e ,  and seven more i n  t h e  Basin and Range-Transit ion Zone p o r t i o n .  
These a r e  summarized a s  fo l lows:  

Colorado P l a t eau  : 

1. Pennsylvanian-Permian Naco and Supai Formations 
2 .  Permian Kaibab Limes t one  

M 3. J u r a s s i c  Morrison Fm., S a l t  Wash Member 
4.  T r i a s s i c  Chinle  Fm. 
5. T r i a s s i c  Moenkopi Fm., b a s a l  p o r t i o n  + 6 .  J u r a s s i c  Kayenta Fm. 

" 7 .  J u r a s s i c  Navajo Ss.  
A 8. C r e t a c e w s  Toreva Fm., of t h e  Mesaverde Group 

9 .  Cretaceous Dakota Fm. 
0 P l a t eau  b r e c c i a  p ipes  

* 11. Pl iocene  Hopi Bu t t e s ,  f ine-gra ined  c l a s t i c s  and t u f f s  

Southern Arizona: 

k k  2 Precambrian Dripping Spring Q u a r t z i t e  
3 Cretaceous sandstone 
1 4  Oligocene, Miocene, P l i ocene ,  f ine-gra ined  c l a s t i c s  
15.  Mid-Tertiary vo l can i c  rocks  

; 6 Jurass ic-Cretaceous v o l c a n i c s ,  southernmost Arizona 
7 Laramide porphyry copper d e p o s i t s  
8 ~ e i n / p e g m a t i t e / g r a n i t e  occur rences ,  u s u a l l y  involv ing  

Precambrian c r y s t a l l i n e  t e r r a i n  

;:+<past o r  cu r r en t  major source  i n  Arizona 
'kpast o r  c u r r e n t  minor source  i n  Arizona 



INTRODUCTION 

Purpose  and Scope 

Th i s  r e p o r t  d e s c r i b e s  a l l  known n a t u r a l l y  anomalous r a d i o a c t i v e  
o c c u r r e n c e s  i n  Arizona.  Any l o c a l i t y  where uranium m i n e r a l i z a t i o n  was 
r e p o r t e d  o r  r a d i o a c t i v i t y  i s  two t imes  o r  g r e a t e r  t h a n  background i s  
cons ide red  anomalous. The major  emphasis i s  p l a c e d  on d e s c r i p t i o n s  of 
geology,  Loca t ion ,  minera logy ,  and r a d i o a c t i v i t y ;  l e s s  emphasis i s  p l a c e d  
on t h e  h i s t o r y  and d e t a i l e d  development of t h e s e  o c c u r r e n c e s .  

Many uranium o c c u r r e n c e s  a r e  concen t ra ted  i n  groups  o r  d i s t r i c t s ,  
i n d i c a t i n g  a p o s s i b l e  common g e n e s i s  w i t h i n  t h e  d i s t r i c t .  The f i r s t  p a r t  
of t h e  r e p o r t  d i s c u s s e s  s e q u e n t i a l l y  each of t h e s e  o c c u r r e n c e  t y p e s ,  
touch ing  upon a s p e c t s  of t h e  r e l e v a n t  geo logy ,  and g i v e s  one o r  more ex- 
amples of p a s t  uranium s o u r c e s  c o n s i d e r e d  d i a g n o s t i c  of each t y p e  of 
occur rence .  

The second p a r t  of t h e  r e p o r t  l i s t s  i n  an  a b b r e v i a t e d  fo rmat  t h e  
d e t a i l s  of what i s  known about  each of t h e  965 r a d i o a c t i v e  o c c u r r e n c e s  
i n  t h e  S t a t e .  

A l l  known d a t a  on pre-1971 uranium p r o d u c t i o n  i s  summarized and i n -  
c luded .  Post-1970 p r o d u c t i o n  d a t a  i s  n o t  p u b l i c l y  a v a i l a b l e ,  b u t  never the -  
l e s s  i s  i n s i g n i f i c a n t  as compared t o  t h e  pounds of  U3O8produced from Arizona 
b e f o r e  1971. A l l  p r o d u c t i o n  d a t a  t o  January  1, 1971,  was compiled from 
o f f i c i a l  o r e  r e c e i p t s  ( excep t  f o r  Monument V a l l e y  a r e a )  and supplemented by 
o t h e r  Department of Energy @QE) d a t a .  

R a d i o a c t i v e  o c c u r r e n c e s  a r e  l i s t e d  a l p h a b e t i c a l l y ,  county  by coun ty ,  
and a l p h a b e t i c a l l y  w i t h i n  each  county .  The l o c a t i o n s  of o c c u r r e n c e s ,  i f  
known t o  w i t h i n  a s e c t i o n ,  a r e  p l o t t e d  on NTMS ( l o x  20) quadrang le  maps. 
Four d i s t r i c t  maps f o r  t h e  C a r r i z o  Mountains,  Lukachukai Mountains ,  Cameron 
Area and S i e r r a  Ancha Mountains,  show t h e  l o c a t i o n  of o c c u r r e n c e s  t o o  
numerous and concentra tad  t o  b e  p l o t t e d  on t h e  NTMS maps. P o o r l y  l o c a t e d  
occur rences  a r e  n o t  p l o t t e d  b u t  g e n e r a l  d e s c r i p t i o n  d i r e c t i o n s  t o  t h e s e  
1 o c d P t i e s  a r e  p rov ided .  

The a u t h o r s  a n d / o r  t h e  Arizona Bureau of Geology w i l l  a p p r e c i a t e  r e c e i v -  
i n g  any a d d i t i o n s  o r  c o r r e c t i o n s  t o  t h e  d a t a  p r e s e n t e d  h e r e i n .  Any i n f o r m a t i o n  
a c q u i r e d  a f t e r  t h e  p u b l i c a t i o n  of t h i s  r e p o r t  w i l l  b e  on f i l e  a l o n g  w i t h  t h e  
d a t a  and r e p o r t s  from i i ~ i . c h  t h i s  r e p o r t  i s  d e r i v e d ,  a t  t h e  G e o l o g i c a l  Survey 
Branch,  Arizona Bureau of Geology,and a v a i l a b l e  f o r  p u b l i c  i n s p e c t i o n .  These 
f i l e s  i n c l u d e  d e t a i l s  of p a s t  p r o d u c t i o n  and geology n o t  found i n  t h i s  r e p o r t .  

P rev ious  Work and Sources  of In fo rmat ion  

Most uranium m i n e r a l  o c c u r r e n c e s  were  p rospec ted  i n  t h e  l a t e  1940s and 
1950s.  During t h i s  t i m e  t h e  Raw M a t e r i a l s  D i v i s i o n  of t h e  U .S .  Atomic Energy 
Commission i d e n t i f i e d  many of t h e  o c c u r r e n c e s  and moni tored p r o d u c t i o n  from 
t h e  a c t i v e  mines .  Reconnaissance  work by t h e  A.E.C. and USGS g e o l o g i s t s  was 
documented i n  t h e i r  b r i e f  p r e l i m i n a r y  r e c o n n a i s s a n c e  r e p o r t s  (PRR).  AEC 
and USGS g e o l o g i s t s  and o t h e r s  a l s o  compiled more d e t a i l e d  d a t a  on s e l e c t e d  
Arizona uranium o c c u r r e n c e s  and d i - s t r i c t s .  These r e p o r t s  i n c l u d e  t h o s e  w i t h  



the following prefixes: TM's, RME's, RMO1s, TEI's, and TEM's listed with 
the I-ezerences. 

More recent information is being accumulated ljy the U.S. Department 
of Energy (DOE) National Uranium Resource Evaluation (NURE) program. 
These reports (GJBX prefix) on aerial gamma ray and magnetic reconnaissance, 
hydrogeochemical and stream sediment analyses, special study areas and 
NTMS quadrangle evaluations are becoming available to the public as they 
are open-filed. The DOE has also open-filed many of the old AEC reports 
and preliminary maps of the Carrizo Mountains, Lukachukai Mountains and 
Cameron uranium mining districts. Published and unpublished open-file 
reports and declassified data files at the Grand Junction Office (colorado) 
of DOE were examined for this report. See Table 1 for new NURE Arizona reports. 

In 1970, Stanton Keith reported on 408 Arizona uranium occurrences in 
Arizona Bureau of Mines Bulletin 182 by Peirce and others. The Arizona 

Bureau of Geology and Mineral Technology (formerly Arizona Bureau of Mines) 
in cooperation with DOE has undertaken this new evaluation of uranium 
occurrences because significant additional information is now publicly 
available from formerly classified data and through the NURE Program. 
Arizona uranium occurrences are also summarized in Arizona Bureau of Geology 
Reports by Peirce and others (1977), and Scarborough and Wilt (1979) a 
commercial report by Waechter (1979), plus USGS open-file report on the 
Hopi Buttes Uranium Occurrences, scheduled for publication in 1981. 

For this report, we depended heavily on the PRR'S, open-file reports 
and maps, DOE data files, pre-1971 production records, and Arizona Bureau 
of Geology data files. Information was also obtained from individual 
mining companies, and both USGS and NURE geologists. Reconnaissance field 
trips to the Sierra Ancha Mountains, Lukachukai Mountains, Carrizo Mountains, 
Fredonia region, Cameron area, Grand Canyon, Date Creek Basin, New River 
area, San Pedro Valley, Whetstone Mountains, Santa Catalina Mountains, 
Safford area, Ruby-Arivaca area and Santa Rita Mountains helped to up-date 
information on many occurrences. 
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Key t o  I n d i v i d u a l  County L i s t i n g s  

D e s c r i p t i o n s  of a l l  r a d i o a c t i v e  m i n e r a l  o c c u r r e n c e s  i n  Arizona a r e  
l i s t e d  a l p h a b e t i c a l l y  by geograph ic  l o c a t i o n  and by county .  A s t a t e - w i d e  
a l p h a b e t i c a l  l i s t i n g  i s  p rov ided  i n  t h e  index.  A l i a s e s  f o r  t h e  o c c u r r e n c e  
names a r e  i n c l u d e d  i n  b o t h  county  d e s c r i p t i o n s  and index .  

The d e s c r i p t i o n s  of  o c c u r r e n c e s  i n  t h i s  r e p o r t  a r e  b r i e f  summaries of 
a v a i l a b l e  p e r t i n e n t  d a t a .  Obviously,  n o t  a l l  d a t a  cou ld  be  inc luded .  For 
some o c c u r r e n c e s  t h e  i n f o r m a t i o n  i s  v e r y  l i m i t e d  o r  h e l d  c o n f i d e n t i a l  by 
companies. See  a l s o  page 103 f o r  i n s t r u c t i o n s  on u s e  of t h e  i n d i v i d u a l  
l i s t i n g s .  

The d e s c r i p t i o n s  c o n t a i n  t h e  f o l l o w i n g  i n f o r m a t i o n :  

1 )  Name 

Name of o c c u r r e n c e ,  a s s o c i a t e d  c l a i m s ,  and a l i a s e s .  A name i n  
p a r e n t h e s i s  i n d i c a t e s  t h a t  i s  t h e  name under  which t h e  i n f o r m a t i o n  
f o r  t h a t  p r o p e r t y  i s  l i s t e d .  

2 )  Loca t ion  

Loca t ion  a s  S e c t i o n ,  Township and Range o r  as l a t i t u d e  and l o n g i t u d e  
f o r  unsurveyed a r e a s .  I f  t h e r e  was any q u e s t i o n  concern ing  t h e  loca -  
t i o n  of a n  o c c u r r e n c e  w i t h i n  t h e  s e c t i o n  o r  i f  t h e  o c c u r r e n c e  l o c a t i o n  
was d e f i n e d  by U.S. Bureau of Land Management p r o t r a c t e d  Township and 
Range, t h e  word approximate  (Approx.) p recedes  t h e  g i v e n  l o c a t i o n .  
Geographic l o c a t i o n ,  i . e .  mountain range ,  i s  a l s o  p rov ided .  D e s c r i p t i v e  
d i r e c t i o n s  a r e  t aken  from t h e  PRR's f o r  p o o r l y  l o c a t e d  o c c u r r e n c e s .  
L o c a t i o n s  were f i e l d  checked when p o s s i b l e .  PRR l o c a t i o n s  were n o t  
always c o r r e c t .  Every e f f o r t  was made t o  p r o v i d e  a c c u r a t e  l o c a t i o n s  
t o  w i t h i n  a s e c t i o n .  The NTMS and d i s t r i c t  maps show t h e  d i s t r i b u t i o n  
of most occur rences .  Poor ly  l o c a t e d  occur rences  a r e  n o t  p l o t t e d .  

3) Quadrangle 

The names of t h e  a p p r o p r i a t e  7%' a n d / o r  15 '  USGS topograph ic  and 

lo X 2O (NTMS) maps a r e  p rov ided .  



4 )  Development 

A s h o r t  d e s c r i p t i o n  of t h e  type  and e x t e n t  of p rospec t ing  and 
mining a t  t h e  s i t e .  

5)  Product ion 

Tons and grade of o r e  a r e  from o f f i c i a l  ore r e c e i p t s .  Tons a r e  
c a l c u l a t e d  on moisture-free  b a s i s ,  and uranium-vanadium con ten t s  
a r e  based on assays  be fo re  m i l l  p rocess ing .  

6 )  Rad ioac t i v i t y  

The maximum r a d i o a c t i v i t y  a t  t h e  s i t e  i s  expressed a s  t imes 
background. A l l  s i tes wi th  r a d i o a c t i v i t y  2X o r  g r e a t e r  than  
background a r e  l i s t e d .  

7 )  Analyses 

The sample ana lyses  r ep re sen t  a  summary of t h e  r ad iome t r i c  and 
chemical a s says  provided i n  t h e  v a r i o u s  r e p o r t s .  When r ad iome t r i c  
and chemical a s says  a r e  g iven  f o r  t h e  same sample, they a r e  l i s t e d  
t oge the r  on t h e  same l i n e ,  w i t h  t h e  l e t t e r  "e" preceding t h e  U308,  
i n d i c a t i n g  t h a t  t h e  va lue  was determined r a d i o m e t r i c a l l y .  No 
"e" i n d i c a t e s  a  chemical assay .  Disequi l ib r ium between uranium 
and i t s  r a d i o a c t i v e  daughter  p roduc ts  i s  i n d i c a t e d  by a  d i sc repancy  
between r ad iome t r i c  and chemical assays .  

8)  Geology 

This i s  a  b r i e f  summary of t h e  h o s t  rock ,  mineralogy, s t r a t i g r a p h y ,  
a l t e r a t i o n ,  and s t r u c t u r e .  Not a l l  in format ion  could be provided 
f o r  some occurrences .  

9 )  References 

A s h o r t  c i t a t i o n  format i s  used f o r  t h e  sources  of in format ion  i n  t h e  
i n d i v i d u a l  l i s t i n g s .  F u l l  r e f e r e n c e  c i t a t i o n s  a r e  provided i n  t h e  
l i s t i n g  of r e f e r ences .  Two numbers may accompany re fe renced  PRR's. 
The f i r s t  i s  t h e  f i l e  number recorded on t h e  PRR when i t  was made. 
The second, i n  pa ren thes i s ,  i s  a  hand-posted number used by t h e  
Bendix l i b r a r y  a t  Grand Junc t ion ,  sequenced county by county.  

10). Mine Mags and Geologic Cross Sec t i on  

Mine maps and geo log ic  c ro s s  s e c t i o n s  a r e  provided f o r  some occur rences  
and a r e  l o c a t e d  i n  t h e  gene ra l  d i s c u s s i o n  s e c t i o n s  occupying t h e  f i r s t  
p a r t  of t h e  r e p o r t .  



T a b l e  I 
NUR;E REPOEtTS C O ~ I N G  ARIZONA 

2O Quad HSSR* Early A i r  A i r *  Other* 5 b 

Shiprock 

Marble Canyon 

Grand Canyon 

Las Vegas 

Gallup 

Flagstaff 

W i l l i a m s  

Kingman 

S t .  Johns 

Holbrook 

Prescot t 

Needles 

Clifton 

Mesa 

Phoenix 

Salton Sea 

Si lver  City 

Tucson 

Ajo 

E l  Centro 

Douglas 

Nogales 

Lukevil l e  

f 

*GJBX pref ix  'z 

1 

~ S R  Roach Lake ( i n  Nevada) 

%SSR portions of Douglas, S i lver  City, S t .  Johns, Clifton 

3 ~ r t  i l l e r y  Peak HSSR; 164( 80) 

4 ~ a t  e Creek Dri l l ing 

~ S R  Date Creek Basin 

!Papago Indian Reservation HSSR 



URANIUM OCCURRENCES IN ARIZONA 

The f i r s t  p a r t  of t h i s  r e p o r t  p r e s e n t s  g e n e r a l  d i s c u s s i o n s  of  t h e  major  
uranium producing d i s t r i c t s  and environments  i n  Arizona.  For  t h e  s a k e  of 
o r g a n i z a t i o n ,  t h e  d i s c u s s i o n s  a r e  d i v i d e d  i n t o  two sequences ,  t h e  Colorado 
P l a t e a u ,  and Southern  Arizona ( i n  t h a t  o r d e r ) ,  based upon t h e  p h y s i o g r a p h i c  
d i v i s i o n  of t h e  S t a t e  adopted i n  F i g u r e  1. Southern  Arizona h e r e  i s  t a k e n  t o  
b e  t h e  t o t a l i t y  of  t h e  Basin  and Range P r o v i n c e  and t h e  T r a n s i t i o n  Zone 
Prov ince .  Th i s  two-part  breakdown of  uranium o c c u r r e n c e s  i n  t h e  S t a t e  f o l l o w s  
l o g i c a l l y  from t h e  v e r y  d i f f e r e n t  geology and t y p e s  of uranium h o s t  r o c k s  found 
i n  t h e  two r e g i o n s .  The Colorado P l a t e a u  o c c u r r e n c e s  a r e  d i v i d e d  between 
Mesozoic-aged s t r a t a b o u n d  d e p o s i t s  and b r e c c i a  p i p e  d e p o s i t s .  Southern  Arizona 
o c c u r r e n c e s  a l s o  c o n s i s t  of some s t r a t a b o u n d  d e p o s i t s  i n  Cenozoic ,  Cre taceous ,  
and Precambrian sed imenta ry  h o s t  r o c k s ,  bu t  i n  a d d i t i o n  i n c l u d e  v e i n - t y p e  and 
c r y s t a l l i n e  h o s t  r o c k  t y p e s .  F i g u r e  1 a l s o  i l l u s t r a t e s  t h e  d i s t r i c t s  w i t h  
s i g n i f i c a n t  p a s t  uranium product  i o n .  Notes concern ing  thor ium o c c u r r e n c e s  i n  
Arizona a r e  g iven  a f t e r  t h e  uranium d i s c u s s i o n s .  

The Colorado P l a t e a u  p o r t i o n  of Arizona c o n s i s t s  of a  r e l a t i v e l y  complete  
and c o n t i n u o u s  f l a t - l y i n g  sequence of P a l e o z o i c  and Mesozoic c r a t o n i c  sed iments ,  
r a t h e r  g e n t l y  deformed by a  s e r i e s  of  f o l d s  and monocl ines .  I n  c o n t r a s t ,  t h e  
Basin  and Range p o r t i o n  of t h e  S t a t e  c o n s i s t s  of  an ex t remely  f ragmented,  
f a u l t e d  r e c o r d  of P r o t e r o z o i c  basement r o c k s  o v e r l a i n  by l o c a l l y  p r e s e r v e d  
P a l e o z o i c ,  P.lesozoic, and Cenozoic sed imenta ry  and v o l c a n i c  r o c k s .  T h i s  sequence 
i s  chopped up a long  a  s e r i e s  of  l a t e  Cenozoic-aged,quasi-paral le l  NW-SE t r e n d -  
ing f a u l t  s which have i n  e f f e c t  c r e a t e d  d i s c o n t  inuous  e l o n g a t e  mount a-in r a n g e s  
and a d j a c e n t  broad wide v a l l e y s  t h a t  r e p r e s e n t  h o r s t  and g raben  b l o c k s .  I n t e n s e  
o r o g e n i e s  d u r i n g  Mesozoic and Cenozoic t i m e s  , c u l m i n a t i n g  w i t h  t h e  Basin and 
Range d i s t u r b a n c e  d e s c r i b e d  above,  have se rved  t o  fragment Basin  and Range geology 
i n t o  a  v e r y  incomple te ly  unders tood r e c o r d .  

The phys iograph ic  p r o v i n c e  c a l l e d  t h e  T r a n s i t i o n  Zone is a long  narrow 
r e g i o n  t h a t  d i s p l a y s  c e r t a i n  s t r u c t u r a l  and s t r a t i g r a p h i c  p r o p e r t i e s  of each  
of t h e  two a d j a c e n t  p rov inces .  

F i g u r e  1 A  i l l u s t r a t e s  a  s i m p l i f i e d  Sta te-wide s t r a t i g r a p h i c  c o r r e l a t i o n  
c h a r t .  It i n c l u d e s  approximate  s t r a t i g r a p h i c  p o s i t i o n s  f o r  t h e  most prominent 
uranium d e p o s i t s  and occur rences  i n  t h e  S t a t e .  
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2. Lukachukai Mountains Southern Arizona 
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Figure 1A. Simplified stratigraphic correlation chart for Arizona. 
Included are approximate stratigraphic positions of important 
uranium deposits and occurrences. 



COLORADO PLATEAU REGION 

MORRI SON FORMAT I O N  

In  t h e  Four Corners a r e a  t h e  Morrison Formation of Upper J u r a s s i c  age 
i s  a r e g i o n a l l y  dominant source  of uranium, w i th  product ion from Utah, Colorado, 
and New Mexico f a r  outweighing t h a t  of n o r t h e a s t e r n  Arizona. The lowest member, 
t h e  S a l t  Wash, i s  t h e  s o l e  source  of Morrison o r e  i n  Arizona, whi le  s t r a t i -  
g r a p h i c a l l y  h igher  members, t h e  Recapture,  Westwater Canyon, and Brushy Basin,  
c o n t a i n  o r e s  i n  t h e  ad j acen t  s t a t e s .  A s  w e l l ,  t h e s e  upper members con t a in  
volcanogenic  beds which a r e  hypothesized by some a s  uranium source  beds. 

For d e s c r i p t i o n s  of Morrison Formation geology, s e e  Mullens and Freeman 
(1957),  Chenoweth and Malan (1975),  and Galloway (1979). For uranium-related 
geology,  r e f e r  t o  Masters (1955),  Chenoweth (1955 and 1967) ,  Stokes (1954),  
Wright (1955), and Dare (1961). For d i s t r i c t  maps, s e e  DOE (ERDA) Pre l iminary  
Map No. 23. 

S a l t  Wash Member o r e s  i n  Apache County, Arizona suppl ied  815,100 t o n s  of 
o r e  which contained 0.236% U308 (3,850,000 l b s )  and 1.098% V2O5 (17,900,000 l b s )  
between 1948 and 1968. I n  a d d i t i o n ,  minor uranium was recovered from m i l l  t a i l -  
i n g s  from e a r l y  Carr izovanadiummine workings opera ted  dur ing  1942-1944. To t a l  
p roduc t ion  from S a l t  Wash o r e s  may be d iv ided  between t h e  Lukachukai Mountains 
(724,800 t o n s  of o r e  @ 0.24% U308 and 1.02% V205 i n  1950-1968 from 53 p r o p e r t i e s )  
and t h e  Car r izo  Mountains t o  t h e  n o r t h  (90,300 t o n s  of o r e  @ 0.20% U3O8 and 
1.75% V205 in 1948-1966 from 71 p r o p e r t i e s . )  

. Radioact ive o r e s  in  t h e  S a l t  Wash Member of t h e  e a s t e r n  Ca r r i zos  were f i r s t  
mined i n  about 1920 a:ld s e n t  t o  Colorado f o r  e x t r a c t i o n  of radium con ten t .  Dur- 
i n g  1942-1944 S a l t  Wash o r e s  were mined in t h e  Ca r r i zos  by t h e  Vanadium Corpora- 
t i o n  of America and Wade, Curran and Company f o r  vanadium and mining f o r  uranium 
in t h e s e  same d e p o s i t s  began in 1948. Mining cont inued i n  t h e  Ca r r i zos  and 

- Lukachukais u n t i l  1968. See Dare (1966) and Chenoweth (1980 a and b) f o r  h i s t o r i c a l  _---- 
development of mining i n  t h e  Ca r r i zos  and Lukachukais. 

S tud i e s  of t h e  S a l t  Wash Member by Craig and o t h e r s  (1951),  Mullens and 
Freeman (1957), Masters  (1955),  and Pe te rson  (1977) i n  Utah, Colorado, Arizona, 
and New Mexico i n d i c a t e  t h a t  t h e s e  sediments w e r e  depos i ted  by a proximal 
aggrad ing  braided s t ream system on a massive a l l u v i a l  f an  and a more d i s t a l  
d e l t a  d i s t r i b u t a r y  system, t h e  upstream apex of which was n e a r  what is  today 
L e e ' s  Fer ry  on t h e  Colorado River.  See Figure  2 f o r  t h e  f an  geometry. D i s -  

% t r i b u t a r y  channe ls  i n  e a s t e r n  Utah flowed g e n e r a l l y  n o r t h e a s t e r l y ,  whi le  t hose  i n  
n o r t h e a s t  Arizona and northwest  New Mexico flowed e a s t e r l y .  I n  d e t a i l ,  t h e  S a l t  
Wash Member of n o r t h e a s t  Arizona and northwest  New Xexico is  considered a 
s e p a r a t e  e a s t e r n  l o b e  of t h e  main S a l t  Wash f an  system of Utah and Colorado. 
T h e  Lukachukais a r e  near  t h e  t h i c k e s t  p a r t  of t h i s  l o b e  ( ~ u l l e n s  and Freeman, 
1957,  Figure  4 ) .  S imi l a r l y ,  t h e  Grants  minera l  b e l t  i s  on t h e  most s o u t h e r l y  

. l o b e  of t h e  Westwater Canyon f an  system whose apex i s  somewhat sou th  of Window 
Rock, Arizona (Galloway, 1979, Figure  2 ) .  

I n  no r theas t  Arizona t h e  S a l t  Wash beds,  r e s t i n g  on a scoured s u r f a c e  c u t  
on predominantly e o l i a n  J u r a s s i c  Bluff Sandstone ( ~ i g u r e  3 ) ,  range  in th i cknes s  



from 100-180 f e e t .  They a r e  ove r l a in  by about 400 f e e t  of Recapture Member 
f l u v i a t i l e  beds. A l l  Mesozoic u n i t s  i n  n o r t h e a s t  Arizona a s  young as Cretaceous 
Dakota Sandstone a r e  involved i n  f o l d i n g  ( s e e  t h e  d i s t r i c t  maps of t h i s  r e p o r t )  
and a r e  beveled and o v e r l a i n  by t h e  non-folded Eocene ( ? )  Chuska Sandstone of t h e  
Chuska and Lukachukai Mountains. The S a l t  Wash Member i n  Northeast  Arizona con- 
sist s mainly of l e n t i c u l a r  , g e n t l y  cross-bedded sands tones ,  w i t h  minor pebbly 
sahdstones ,  mudstones and c l ays tones  a s  d i s con t inuous  p a r t i n g s  between t h e  sand- 
s t one  beds. The u n i t s  weather t o  r e s i s t a n t  l edges  and c l i f f s ,  and cap broad 
benches and mesas. Most beds a r e  between 6 and 30 f e e t  t h i c k .  F o s s i l  l o g s  a r e  
common, and f ragmenta l  cakbonized p l a n t  d e b r i s  forms seams along bedding planes ,  
and f i n e r  f ragmental  m a t e r i a l  i s  d i ssemina ted  th rough  t h e  sandstones .  

Only sparce  uranium-vanadium occur rences  a r e  known i n  n o r t h e a s t e r n  
Arizona in u n i t s  d i r e c t l y  above o r  below S a l t  Wash ou t c rops ,  In  t h e  Lukachukai 
Mountains, s e v e r a l  sub-ore grade uranium occur rences  a r e  known from t h e  over- 
l y i n g  Recapture Member f l u v i a l  beds (Chenoweth, 1967, p.  82) .  And i n  t h e  under- 
l y i n g  Bluff Sandstone, Chenoweth and Fergusson (PRR ED:R-263, 1954) d e s c r i b e  an 
i n t e r e s t i n g  vanadium occur rence  which l a c k s  a p p r e c i a b l e  uranium. I n  a r e e n t r a n t  
n e a r  t h e  c r e s t  of t h e  Rat t l esnake  a n t i c l i n e ,  a s h o r t  d i s t a n c e  east of t h e  Sweet- 
wate r  T.P. road,  vanadium s t a i n i n g  is  found 1 0  f e e t  above t h e  base  of t h e  
Bluff  S s  i n  a ho r i zona l  showing, w i t h  d a r k e s t  c o l o r a t i o n  fo l lowing  i n d i v i d u a l  
cross-bed laminat  ions .  Uranium as says  a r e  nega t i ve .  C l ea r ly ,  vanadium has  
migrated without a t t e n d a n t  uranium, 

Lukachukai Mountains 

I n  t h e  Lukachukai Mountains, uranium o r e  i s  most common in t rough  c ros s -  
s t r a t  i f  i ed  sandstone t h a t  f i l l s  scours  and channe ls  i n  under-lying mudstones. 
The o r e  bodies  a r e  e longa t e  and l e n t i c u l a r ,  c o n s i s t i n g  of one o r  more pods sur -  
rounded and separa ted  by p r o t o r e .  Ore t r e n d s  p a r a l l e l  paleostream d i r e c t i o n s ,  
but o f t e n  t rend  a l o n g a l o c a l l y  prominent j o i n t  set ,  sugges t ing  . some - -. - - - . - remobil iza-  . . 

t i o n  of uranium mine ra l s  (Stokes  1954; Nestler and ~henowe th ,  1958; Chenoweth, 
1967; Chenoweth and Malan, 1975) .  

Ore bodies  occur  some 30-80 f e e t  above t h e  base of t h e  S a l t  Wash Member. 
A11 of t h e  s i g n i f i c a n t  d e p o s i t s  (99.6% of t o t a l  Lukachukai p roduc t ion)  are 
l o c a t e d  i n  a wel l -def ined b e l t  which t r e n d s  n e a r l y  nor th-south a c r o s s  t h e  south-  
e a s t  end of t h e  mountains (Chenoweth and Malan, 1975).  They l i e  on t h e  shallow- 
d ipp ing  southwest l imb of t h e  Chuska s y n c l i n e  and a r e  confined t o  a f a v o r a b l e  
interbedded sandstone-mudstone f a c i e s  of t h e  S a l t  Wash ( s e e  enclosed Lukachukai 
d i s t r i c t  map) . 

Tyuyamunit e,  t h e  most common uranium-vanadium mineral, i s  i r r e g u l a r l y  
disseminated through sandstone beds, and is concent ra ted  i n  l e n s e s ,  o r  d i s t r i b u t e d  
in bands. It f i l l s  sands tone  vo ids ,  c o a t s  sand g r a i n s ,  and r e p l a c e s  c a l c i t e  and 
carbon. Some u r a n i n i t e  r e p l a c e s  carbonaceous m a t t e r  and f i l l s  sands tone  vo ids  
i n  some incompletely  ox id ized  o re  bodies .  Hence, a ques t ion  a r i s e s  as t o  t h e  
n a t u r e  of t h e  o r i g i n a l l y  p r e c i p i t a t e d  uranium spec i e s .  Are t h e  tyuyamunite 
d e p o s i t s  t o  be viewed a s  a l t e r a t i o n  produc ts  of p r e - ex i s t  ing u r a n i n i t e  d e p o s i t s ?  
C a l c i t e  is found a s  a cement in  t h e  sands tone  o r e  bodies ,  and probably moved in 
with t h e  uranium (Chenoweth and Malan, 1975) .  Limonite s t a i n i n g ,  h a l o s ,  and bands 
a r e  common in ore-grade m a t e r i a l .  

F igures  4 ,  5 and 6 show o u t l i n e  maps of t h e  Lukachukai Mesas I - V I  mines. 
F igu re s  7 and 8 p o r t r a y  o u t l i n e  maps of t h e  Frank No. I and Camp m i n e s ,  respec-  
t i v e l y ,  which a r e  t y p i c a l  of Lukachukai mines. 



Carr izo  Mountains 

The gene ra l  a spec t  of t h e  Car r izo  Mountains uranium d e p o s i t s  i s  ve ry  
s i m i l a r  t o  t h e  Lukachukai d e p o s i t s ,  w i t h  some n o t a b l e  v a r i a t i o n s .  The o r e  
hor izons  i n  t h e  S a l t  Wash t end  t o  be  in  lower p a r t s  of t h e  u n i t  toward t h e  
northwest  from t h e  Lukachukais, such t h a t  jn t h e  nor thwest  Ca r r i zos  t h e y  a r e  in 
t h e  ba sa l  40 f e e t  of t h e  u n i t  (Chenoweth and Malan, 1975, t a b l e  2 ) .  The o r e  
bodies  t end  t o  be sma l l e r  than  in t h e  Lukachukais, and t h e y  have vanadium- 
uranium r a t i o s  n e a r  9:1,  a s  compared w i t h  4 : l  r a t i o s  i n  t h e  Lukachukais. Also, 
o r e  r o l l s  a r e  more common in t h e  Car r izos .  

The main m a s s  of t h e  Ca r r i zos  c o n s i s t s  of a  s e r i e s  of Laramide-aged 
l a c c o l i t h s  (68 m.y. on one u n i t ,  Armstrong, 1969) which have i n t ruded  rocks  a s  
young a s  t h e  Dakota Sandstone. No obvious l a rge - sca l e  r e d i s t r i b u t i o n  of 
Car r izo  S a l t  Wash uranium o r e s  a r e  known t o  have taken  p l ace  a s  a  r e s u l t  of 
t h i s  hea t i ng  event .  And a t  t h e  Zona mine in  t h e  n o r t h e a s t e r n  Ca r r i zos ,  i n t r u s i o n  
of  t h e  s i l l s  f r a c t u r e d ,  f a u l t e d ,  and s i l i c i f i e d  t y p i c a l  S a l t  Wash o r e  hor izons ,  
p rov id ing  t h e  on ly  evidence in Arizona t h a t  t h e  uranium m i n e r a l i z a t i o n  event  i s  
pre-Laramide in age  (Chenoweth and Malan, 1975, p. 147) . 

Figu re s  9-15 a r e  in t h e  Car r izo  Mountains a r e a .  F igu re s  9  and 1 0  d e p i c t  
t h e  T s i t a h  (Saytah)  Wash a r e a  w i t h  t h e  Mart i n ,  Saytah, and George Simpson m i n e s .  
F igu re s  11 and 12 show m i n e s  of t h e  Ra t t l e snake  group and t h e  Hoskie Henry mine 
of  t h e  nor thwest  Car r izos .  F igures  1 3  and 14 show t h e  Oak Spr ings  and RF&R- 
Hazel l -Val ley View miaes of t h e  e a s t e r n  Car r izos .  F igures  15a and 15b cover  t h e  
p roduc t ive  Cove Mesa a r e a  of t h e  sou thern  Car r izos .  

Black Mesa 

S a l t  Wash sediments a r e  w e l l  exposed on t h e  n o r t h e a s t  f l a n k  of Black 
Mesa. Fourteen m i l e s  no r th  of t h e  Black Mountain uranium mines i n  t h e  Toreva 
Formation, two p r o p e r t i e s  l oca t ed  n o r t h  of t h e  Rough Rock Trading Pos t  i n  
t h e  S a l t  Wash Member (Tom Wilson and Tom Klee,  Apache County) shipped 123 t ons  
of o r e  averaging 0.75% U308 and 0.03% V205 between 1951 and 1958 (DOE (AEC) Map 
No. 31, 1973).  The S a l t  Wash Member h e r e  c o n s i s t s  of about  130 f e e t  of 
in te rbedded  f ine-gra ined  gray  t o  gray-brown sandstone and gray ,  g r een  and 
reddish-brown s i l t s t o n e  and mudstone. Secondary uranium mine ra l s  a r e  a s s o c i a t e d  
w i t h  carbonaceous f o s s i l  l o g s  and o t h e r  disseminated carbonized p l a n t  d e b r i s ,  
i n  sandstone l e n s e s  10 t o  40 f e e t  above t h e  base  of t h e  S a l t  Wash Member 
(DOE Map No. 31 d a t a ) .  Abundant c a l c i t e  c r y s t a l s  a s s o c i a t e d  w i th  t h e  l ogs  
produced an  average of 31% CaC03 i n  t h e  o r e  shipments.  

Morrison Mine ra l i z a t i on  - Timinsr and Source 

The p r e v a i l i n g  opinion on t h e  time of uranium m i n e r a l i z a t i o n  i n  t h e  
Morrison Formation in Arizona i s  t h a t  it was s h o r t l y  a f t e r  depos i t i on  of S a l t  
Wash beds,  perhaps s t i l l  in Morrison t ime  (F. Pe te rson ,  p e r s .  cornm., 1980) o r  
perhaps  dur ing  Cretaceous o r  Ea r ly  T e r t i a r y  weathering and e ro s ion  marked by 
a pre-Dakota Sandstone o r  pre-Chuska Sandstone e r o s i o n a l  unconf o rmi ty  
(w. Chenoweth, pe r s .  comm. , 1980) ,  but ,  a t  any r a t e ,  w a s  pre-Laramide in age. 
Uranium s e r i e s  age  d a t i n g  of uranium o r e s  i n  t h e  Grants  minera l  b e l t  by Brookins 
(GJBX 16-76 and 141-79 r e p o r t s  i s sued  by DOE) i n d i c a t e  ages  of m i n e r a l i z a t i o n  of 
abou t  138 + 1 0  m.y. a t  Ambrosia Lake, and 110-115 m.y. i n  t h e  Jackpi le-Paguate  
a r e a .  ~ u t h i ~ e n i c  montmor i l lon i te  from bo th  t h e s e  a r e a s  was da ted  a t  145 + 
10 m.y. ( l a s t  h a l f  of upper J u r a s s i c ) ,  and may r ep re sen t  e i t h e r  t h e  t ime  ;;f 
i n i t i a l  d i a g e n e s i s  of Morrison beds o r  t ime  of o r e  depos i t i on  a t  Grants .  



Uranium i n  t h e  S a l t  Wash could have been der ived  from sources  such a s  
vo l can i c  d e t r i t u s  i n  t h e  over ly ing  Brushy Basin Member dur ing  t h e  pre-Chuska 
e ros ion  in  t h e  a r e a  (Nes t le r  and Chenoweth, 1958, p .  53). However, a more 
r e g i o n a l  p i c t u r e ,  assembled wi th  t h e  he lp  of p l a t e  t e c t o n i c  t heo ry ,  i n d i c a t e s  
t h e  e x i s t e n c e  of a vo lcan ic  a r c  s t a r t i n g  i n  l a t e  Permian t ime  along t h e  w e s t  
coas t  of North and South America, t empora l ly  r e l a t e d  t o  t h e  formation of t h e  
modem A t l a n t i c  Ocean. This  a r c  volcanism is t h e  most p robable  source  of 
vo l can i c  d e b r i s  and a s h  beds of t h e  Mesozoic sediments of t h e  Colorado P l a t e a u ,  
and is probably t i e d  in w i t h  t h e  t e c t o n i c s  which formed t h e  "Mogollon high- 
lands" of southwest Arizona and p o i n t s  w e s t  (Malan, 1968; Repenning and o t h e r s  
1969; Hamilton, 1978).  Hence a model f o r  S a l t  Wash m i n e r a l i z a t i o n  i s  volcanogenic  
sources  i n  t h e  Mogollon highlands supplying uranium-vanadium-copper s p e c i e s  for 
su r f ace  o r  underground aqueous t r a n s p o r t  downslope t o  a r e a s  of sedimentat ion 
where appropr i a t  e geochemical cond i t  i ons  caused p rec  i p  i t a t  ion.  However, it is 
st ill n o t  c l e a r  how t h e  s t ra tabound uranium-vanadium m i n e r a l i z a t i o n  of t h e  Salt 
Wash r e l a t e s  t o  mine ra l i za t i on  of uranium-copper in  t h e  P l a t eau  b recc i a  p ipes .  
Perhaps t h e  p ipes  may be viewed a s  condu i t s  o r  l o c a l  s i n k s  which t rapped copper 
and some uranium whi le  vanadium, most uranium, and many o t h e r  e lements  cont inued 
t o  mig ra t e  eastward and northward onto t oday ' s  Colorado P l a t e a u  where seduc t ion  
and p r e c i p i t a t i o n  took  p l ace  under a p p r o p r i a t e  condi t ions .  The southern Utah 
uranium-copper a s s o c i a t i o n  in  some Shinarump paleochannels  may be  viewed a s  a 
hybrid c a s e  where ore-grade copper occurs  in t h e  s ed inen ta ry  environment. S i l v e r ,  
et a l .  (1980) suggest  t h e  presence of a r e g i o n a l  uranium anomaly in t h e  Pre- 
cambrian basement beneath t h e  Colorado P l a t eau ,  based on uranium conten t  of 
z i r c o n s  e x t r a c t e d  from igneous rocks.  However, it is n o t  c l e a r  how t h i s  base- 
ment anomaly may exp la in  t h e  numerous l a rge - sca l e  s t ra tabound uranium d e p o s i t s  
found a t  t h e  t op  of t h e  preserved Mesozoic u n i t s  some d i s t a n c e  above t h e  base- 
men t . 
P o t e n t i a l  

Some pc;ltent%aI remains f o r  uranium i n  t he  S a l t  Wash Member i n  no r theas t  
Arizona. Ore d e p o s i t s  were l oca t ed  i n  t he  1950's by e x p l o i t i n g  minera l ized  
outc rops ,  f i r s t  by "gophering", and later  by d r i l l i n g  behind the outcrops.  
Hence, a l l  major mines a r e  l oca t ed  very  near  c l i f f s  exposing S a l t  Wash strata. 
Many of t h e s e  c l i f f s  are along stream v a l l e y s  t h a t  d i s s e c t  middle l imbs of 
monoclines o r  s t e e p e r  l imbs of a n t i c l i n e s .  

Fu ture  exp lo ra t i on  must probably t ake  one of two forms. F i r s t ,  reevalua-  
t i o n  of t h e  o ld  mines could be  undertaken by c a r e f u l  mine mapping and d r i l l i n g ,  
being c a r e f u l  t o  t ake  no te  of t h e  known o r e  t r ends  i n  t h e  area (see i n d i v i d u a l  
mine maps). Secondly, explora tory  d r i l l i n g  on an  a r b i t r a r y  g r i d  around o ld  
mines could prove success fu l .  The Block K and George Simpson "1~" Mines of t h e  
northwest  Car r izos  and some of t h e  Cove Mesa Mines (southern ~ a r r i z o s ) ,  among 
o t h e r s ,  were discovered i n  t h i s  fash ion .  The Block KMine was  discovered by a 
s i n g l e  AEC d r i l l h o l e  placed through v a l l e y  f i l l  which b u r i e s  t h e  no r th  limb of 
t h e  Toh At in  a n t i c l i n e .  Since most of t h e  S a l t  Wash mines of t h e  northwest 
Ca r r i zos  were near  t he  c r e s t  of t h i s  s t r u c t u r e ,  and s i n c e  t h e  product ive  
Ra t t l e snake  Mine group (Figure 11) was no r th  of t h e  f o l d  c r e s t  nea r  t h e  edge 
o f  on lap  of v a l l e y  f i l l ,  t h e  AEC decided t o  t e s t  t h e  S a l t  Wash t o  t h e  no r th  
where i t  was bur ied .  Block K r e s u l t e d .  The George Simpson "1B" Mine was 
discovered by a d r i l l i n g  program on t h e  Mesa top due west of t h e  o ld  Mart in  
Mine.  That a r e a  was chosen because an east-west S a l t  Wash o r e  t r end  was 
thought  t o  e x i s t  i n  t h e  Martin.  Mineral ized S a l t  Wash was encountered i n  t h e  



drilling and, during access tunneling driven from the Martin workings, an 
additional ore pod was discovered half way between the two areas. Similarly, 
George Simpson explored near the old Saytah Mine, just south of the Martin, 
and discovered additional ore nearby which was mined by the George Simpson 
"1A" and Incline Mines (Figure 10). Certainly, other situations similar to 
these still remain in the Carrizo and Lukachukai Mountains. The Salt Wash 
Member exposed around Black Mesa has been thoroughly explored with only three 
areas of mineralization noted, the Tom Wilson and Tom Klee shipments from 
north of Rough Rock Trading Post; the poorly located Blue Lake claim farther 
north; and one unrecorded occurrence somewhere around Kayenta @. Chenoweth, 
pers.comm.,l981). The sparcity of Salt Wash mineralization in this southwest 
region may relate to a less favorable paleoenvironmental setting recorded as 
thinner individual sandstone beds and more dominant mudstone-siltstone litho- 
logies as compared with the Carrizo-Lukachukai area. However, the mineralized 
logs in Salt Wash strata at Tom Wilson and Tom Klee indicate uranium moved 
through the strata, at least in the northeast Black Mesa region. 
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Mesa 1 3/4 Incline 

Mesa I1 Mine 1 (P-150) 1952-55 a d j a c e n t  m i n e s  
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L u k a c h u k a i  M o u n t a i n s ,  Apache County  

F i g u r e  6 



-- 

Frank No. 2 

-- 
--- 

)Y F r o c t u r e  Trends 
7- 

Pi l lo rs  are Shown 

F i g u r e  7 



F i g u r e  8 





c l e a n  u p  i n  1951. N o r t h  p o r t a l  

a c c i d e n t a l  f i n d  when o p e n  a s  o f  June 1980 
d r i f t i n g  t o  Simpson 

George Simpson No. 3, (1954-55) 
M i n e  No.1 

M i n e  M a p  - M a r t i n  ( A E C  P l o t  No. 1) 8 G e o r g e  S i m p s o n  No.  1 " ~ "  
a s  o f  1961 

D a t a  f r o m  D O E  f i l e s  

n e w e r  workings 
p o s t  S e p t .  1961 

1800 f t .  n o r t h  
to M a r t i n  M i n e  

M i n e  M a p  - S a y t a h  81 G e o r g e  S i m p s o n  Inc l ine  and No. 1 "A" 
~ a t o  f r o m  D O E  f i l e s  Q S  o f  Jan. 1962 

F i g u r e  10 





F i g u r e  12 



1949 w o r k i n g s  

Ear l i e r  Oak Spr ings Working 

Shoft Sunk in 1954 

L o t e r  Oak Springs Workings 

( Incline Access 1962-1966) 

- V C A  w o r k i n g s  

Oak Springs ( G r o v e l  Top)  - V C A  E a s t  R e s e r v a t i o n  Plot 10 

C o m p o s i t e  M a p ,  C a r  r i zo  Mountains, Apache County 

F i g u r e  13 



F i g u r e  14 



* S t r e a m  D i r e c t i o n s  d e d u c e d  

M i n e  O u t l i n e  M a p -  

V C A  C o v e  Mesa  M i n e s ,  

n o r t h e r n  h a l f ,  

F i g u r e  1 5 a  
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1000 f t. g r i d  s y s t e m  

+ S t r e a m  D i r e c t i o n  d e d u c e d  

f r o m  S e d i m e n t a r y  T r e n d s  

M i n e  Out l ine Map-  

V C A  C o v e  M e s a  Mines ,  

, e t .  0 1 .  (1959) 

F i g u r e  1 5 b  



CHINLE FORMATION 

Monument Val1 ev 

Uranium was f i r s t  no ted  in t h e  Monument Val ley  reg ion  by Gregory (1917) 
in an a r e a  which was la ter  t o  become Ar izona ' s  l a r g e s t  mined uranium d e p o s i t ,  
t h e  Monument No. 2 m i n e .  Mining by t h e  Vanadium Corporat ion of America du r ing  
1942-1944 f o r  vanadium was superseded i n  1948 by uranium recovery.  

Monument Val ley uranium o r e s  a r e  found predominantly i n  pa leochanne ls  
o f  t h e  Shinarump Member of t h e  Upper T r i a s s i c  Chin le  Formation, and t o  a much 
l e s s e r  e x t e n t  in t h e  underlying Meoenkopi Formation. Shinarump channe ls  were 
c u t  i n t o  t h e  T r i a s s i c  Moenkopi and Permian DeChelly Sandstone and f i l l e d  w i t h  
muds, sands ,  and g r a v e l s ,  now represen ted  by 10-250 f e e t  of r e s i s t a n t  l edges  
which cap many of t h e  prominant mesas and b u t t e s  of t h e  reg ion .  About 800-950 
f e e t  of ove r ly ing  s o f t  Chin le  s h a l e s  have been removed by l a t e r  e ro s ion  of t h e  
n o r t  h-sout h e longa t e  Monument Upwarp, of which Arizona'  s Monument Va l l ey  i s  t h e  
southernmost f l ank .  (See Mitcham and Evensen, 1955, F igure  1 . )  

T o t a l  product ion f i g u r e s  from 73 Monument Val ley  p r o p e r t i e s  i n d i c a t e  t h e  
mining of  1,322,000 t o n s  of o r e  averaging 0.33% U308 (8,670,000 l b s )  and 0.92% 
V205 (24,361,400 l b s )  between 1948 and 1969. During 4 y e a r s ,  1953, 1954, 1958, 
and 1959, t h e  amount of U308 from t h e  d i s t r i c t  exceeded 750,000 l b s / ~ e a r .  Much 
a l l i e d  product  ion came from equ iva l en t  Shinarump paleochannels  (F igure  6) in 
a d j a c e n t  Utah. 

Monument Val ley  uranium occur rences  are d iscussed  by Mitcham and Evensen 
(1955),  F b n e l l  (1957),Evensen and Gray (1958),  Witkind (1961),  Witkind and 
Thaden (1963), Young (1964),  Malan (1968) , and Chenoweth and Malan (1973). 

Uranium o r e s  have been mined from t h e  lower p a r t s  of t h e  Shinarump 
channe ls ,  e s p e c i a l l y  from scou r s  where t h e  channe ls  a r e  c u t  e s p e c i a l l y  deep 
i n t o  under ly ing  sediments.  The Monument Val ley  Shinarump channels  a r e  f i l l e d  
mos t ly  w i t h  pebble  conglomerates and s ands .w i th  abundant woody p l a n t  t r a s h  and 
f o s s i l  l o g s .  They commonly con t a in  on ly  one ore-bearing scour .  I n  a few mines 
o r e  extends beneath t h e  scour  bottoms a s  much a s  1 5  f e e t  i n t o  under ly ing  beds. 
O r e  bod ies  t end  t o  be  cigar-shaped and h o r i z o n t a l ,  p a r a l l e l  t o  t h e  main channel  
t r e n d .  Length t o  width r a t i o s  va ry  from 5 : l  t o  50 : l  (Chenoweth and Malan, 1973).  

The d e p o s i t s  con t a in  v a r i a b l e  amounts ' of vanadium and coppe,r. V2 05 grades  
r ange  from 0.2 t o  0.9% and copper ranges  from 0.2 t o  2..5%. There is a tendency 
f o r  vanadium con ten t s  t o  dec rea se  and copper con t en t s  t o  i nc r ea se  from e a s t  t o  
w e s t .  Fu r the r ,  calcium carbona te  is  p re sen t  i n  t h e  o r e s  a s  cementing m a t e r i a l  
in sandstone host  rock,  ranging i n  conten t  from 1.4 t o  10.3%. There is an 
i n v e r s e  r e l a t i o n s h i p  between calcium ca rbona t e  and vanadium c o n t e n t s  , but  no 
r e l a t i o n s h i p  is  apparent  between calcium carbona te  and copper (Chenoweth and 
Malan, 1973) .  

Mitcham and Evensen (1955) l i s t  27 gu ides  t o  o r e  p o s i t i o n s  i n  Monument 
Va l l ey  Shinarump channels .  They suggest  t h a t  t h e  b e s t  o r e s  a r e  confined t o  low 
s c o u r s ,  o r  a r e  found a t  o r  downstream of meander bends i n  channels .  Regional 
s t r u c t u r e s  may in f luence  o r e s  i n  so  f a r  a s  t h e  lower p o r t i o n s  of l imbs of r eg iona l  
a n t i c l i n e s  and monoclines a r e  more l i k e l y  t o  conta in  o r e  d e p o s i t s  t han  h igher  
port ions .  



I Example - Monument No. 2 Mine 

i 
Produc t ion  from t h i s  mine s t a r t e d  as s e v e r a l  d i f f e r e n t  underground- 

open p i t  o p e r a t  i o n s ,  s e v e r a l  of  which e v e n t u a l l y  merged, as s e e n  in F i g u r e  1 7 ,  
i n t o  a s i n g l e  open p i t .  Between 1948 and 1967,  m i n e s  of t h i s  group are c r e d i t e d  
w i t h  767,000 t o n s  of  o r e  averag ing  0.34% U308 and 1 .42% V2O5 w i t h  v e r y  low 
copper  v a l u e s .  T h i s  makes t h e  Monument No. 2 mine,  w i t h  abou t  5 .2  m i l l i o n  l b s  
of U308, t h e  l a r g e s t  uranium mine in Arizona t o  d a t e .  The o v e r a l l  V205:U308 r a t i o  
i s  s l i g h t l y  g r e a t e r  t h a n  4 : l .  

The Monument No. 2 Shinarump p a l e o c h a n n e l  scour  e x t e n d s  f o r  a t  l e a s t  
2 m i l e s  in a n o r t h - s o u t h  d i r e c t  ion  w i t h i n  a wider  d e p r e s s i o n  o r  s c o u r  abou t  
50 f e e t  deep c u t  i n t o  u n d e r l y i n g  Moenkopi and DeChelly u n i t s .  A nar row,  i n n e r  
scour  i s  a n o t h e r  30 f e e t  deep and 700 f e e t  wide .  D r i l l i n g  a l o n g  s c o u r  p r o j e c t  i o n s  
t o  t h e  n o r t h  and s o u t h  i n d i c a t e s  t h e  pa leochanne l  d o e s  n o t  e x i s t  b e c a u s e  of p o s t -  
Shinarump e r o s i o n .  

The b e s t  Monument No. 2 o r e s  a r e  in t y p i c a l  " c i g a r s "  o r  " rods"  up t o  
8 f e e t  i n  d i a m e t e r  and 1 0 0  f e e t  long .  O r e  i s  b o t h  unox id ized  ( u r a n i n i t e ,  

I 
c o f f  i n i t e ,  m o n t r o s i t e ,  c o r v i s i t e ,  minor i ron-copper  s u l f i d e s ,  e t c .  ) and 
o x i d i z e d  ( tyuyamuni te ,  c a r n o t i t e ,  hewet t  i t e ,  n a v a j o i t e ,  e t c .  ) t y p e s  which 
impregnate  s a n d s t  one  vo i d s ,  r e p l a c e  q u a r t z  g r a i n s ,  c l a y  p a r t  i c 1 e s  and abundant  
f o s s i l  p l a n t  d e b r i s ,  and f i l l  v e r t i c a l  f r a c t u r e s  which ex tend  b e n e a t h  t h e  s c o u r  

I base .  T h i s  l a t t e r  o b s e r v a t i o n  l e d  F i n n e l l  (1957) t o  s u g g e s t  a hydro the rmal  
s o u r c e  f o r  t h e  o r e s  which r o s e  from d e p t h s  a l o n g  en  echelon f r a c t u r e s  produced 
i n  Laramide t t m e .  Most o t h e r  workers ,  however, s u b s c r i b e  t o  t h e  groundwater-  

I s t y l e  o r e  emplacement h y p o t h e s i s  t h a t  e n v i s i o n s  movement of o r e  s o l u t i o l ~ s  a l o n g  
Shinarump channelways d u r i n g  t h e  Mesozoic, p r i o r  t o  e r o s i o n a l  removal o f  much 
o f  t h e  Shinarump . 

Produc t ion  from t h e  mine w a s  enchanced between 1955 and 1964 by a mechan ica l  
o r e  upgrader  s i t u a t e d  n e a r  t h e  mine which s e p a r a t e d  a h i g h e r  g r a d e  mud p roduc t  
(0.24% U308 and 2.6% V205) from lower g r a d e  sands  (0.02% U308 , 0.18% V205) t h a t  
were d i s c a r d e d .  Addri"-tional o r e  was recovered  i n  1964-67 by heap l e a c h i n g  of  t h e  
sand r e s i d u e  and some low g r a d e  o r e s .  

I Cameron-Holbroo k Reg ion  

Uranium product  ion  from 99 p r o p e r t i e s  around Cameron, Coconino County, 
from t h e  lower p a r t  of t h e  C h i n l e  Formation of T r i a s s i c  a g e  a c c o u n t s  f o r  abou t  
295,100 t o n s  of o r e  averag ing  0.21% U308 and 0.03% V205, m o s t l y  between 1954 
and 1963. T h i s  t o t a l  i n c l u d e s  twenty  p r o p e r t i e s  in t h i n  s a n d s t o n e  beds  i n  t h e  
Chin le  Fm. j u s t  n o r t h  of Holbrook,  which a r e  c r e d i t e d  w i t h  2685 t o n s  of  o r e  
(1% of t h e  Cameron t o t a l )  ave rag ing  0.149% U308 and a t  l e a s t  0.14% V205 between 
1953 and 1960. T h i s  t o t a l  makes t h e  Cameron r e g i o n  and 4 t h  l a r g e s t  uranium 

I product  ion d i s t r i c t  in Arizona.  

k Most of t h e  o r e s  of t h e  Cameron a r e a  have been produced from t h e  C h i n l e  
Format i o n ,  a l t h o u g h  i n i t  i a l  d i s c o v e r y  and f i r s t  product  ion  from t h e  a r e a  ( b o t h  
i n  1950) came from t h e  Ward T e r r a c e  (Hosteen Nez) p r o p e r t y  in t h e  s t r a t i g r a p h i c -  
a l l y  h i g h e r  Kayenta Formation.  Two mines i n  lower Kayenta beds  (Ward T e r r a c e  
and Yellow J e e p )  in t h e  Cameron a r e a  produced 182 t o n s  of o r e  a v e r a g i n g  abou t  



0.15% U3O8 and about  0.40% V2Q5 between 1950 and 1957. In  t h e  Cameron a r e a ,  
s ixty-seven m i n e s  in t h e  lower p a r t  of t h e  P e t r i f i e d  Fo re s t  Member y i e lded  
1,177,500 l b s  of U308, wh i l e  27 d e p o s i t s  i n  t h e  under ly ing  sands tone  and s i l t-  
s t o n e  member account  f o r  about  62,500 l b s .  of U308 produc t ion  (Chenoweth and 
Malan, 1975) . 

For g e n e r a l  r e f e r e n c e s  on t h e  Cameron a r e a ,  s e e  Wright (1955),  Bo l l i n  
and Kerr (1958),  Aust in  (1964),  Repenning, Cooley, and Akers (1969), Chenoweth 
and Malan (1975), S p i r a k i s  (1980),  and AEC Pre l iminary  Map No. 20. 

Repenning, Cooley, and Akers (1969) d i v i d e  t h e  Chin le  Formation around 
Cameron i n t o  ( i n  ascending o r d e r )  t h e  Shinarump, sandstone and s i l t s t o n e ,  
P e t r i f i e d  F o r e s t ,  and O w l  Rock Members. The u r a n i f e r o u s  u n i t s  around Cameron 
are t h e  lower p a r t  of t h e  P e t r i f i e d  Fo re s t  Member and, t o  a minor e x t e n t ,  t h e  
sands tone  and s i l t  s t o n e  member (Chenoweth and Malan, 1973).  The exact  s t ra t i -  
g r aph i c  con t ex t  of t h e  Holbrook a r e a  uranium mines i s  n o t  known, a l though  t h e  
mines are  i n  s t r a t a  above t h e  Shiaarurnp, and beneath t h e  Sonsela  Sandstone, 

The P e t r i f i e d  Fo re s t  o r e s  a r e  w i th in  e longa t e  f l u v i a l  channelways f i l l e d  
w i t h  f i n e - t o  medium-grained sands tones  conta in ing  reworked c l a y  p e l l e t s ,  carbon- 
aceous m a t t e r ,  and s i l i c i f i e d - c a r b o n i z e d  f o s s i l  l o g s  occas iona l l y  reach ing  
lengths of 50 f e e t  o r  more. Ore c o n s i s t s  c h i e f l y  of secondary uranium-vanadium 
m i n e r a l s  f i l l i n g  pore  spaces  in t h e  sandstones  and in f o s s i l  l ogs .  Within t h e  
channelways, t h e  o r e  t ends  t o  occur  in  abrupt  dep re s s ions  of t h e  channel  bottom 
o r  a t  meander bends,  and t ends  t o  a s s o c i a t e  wi th  carbonaceous l a y e r s .  Most o r e  
bod i e s  a r e  encased in an a l t e r a t i o n  ha lo  composed of bleached sands tone  and mud- 
s t o n e  (Chenoweth and Malan, 1975) .  J ack  Danie l s ,  and Huskon 4 - Paul  Huskie 3 
are t h e  l a r g e s t  Cameron d e p o s i t s  i n  t h e  P e t r i f i e d  Fo re s t  Member. 

The sands tone  and s i l t  s t o n e  member mines w e r e  developed in thin-bedded, 
c r o s s - s t r a t  i f  i ed  f i n e  - t o  medium -gra ined  sandstone w i th  abundant carbonaceous 
t r a s h  and f o s s i l  l o g s ,  i n  t h e  upper 30 f e e t  of t h e  u n i t .  The Huskon 11 m i n e  
is  t h e  l a r g e s t  source  in t h e  Cameron a r e a  from t h i s  member. 

F igures  18  and 1 9  i l l u s t r a t e  p i t  o u t l i n e s  of J a c k  Danie l s  and t h e  
Ramco p i t s ,  r e s p e c t i v e l y .  These r ep re sen t  t h e  most p roduc t ive  open p i t s  a t  
Cameron. Mining methods a t  Cameron cons i s t ed  of open p i t s  t o  dep ths  of about  
150  f e e t ,  w i th  small amounts of underground mining from t h e  p i t  w a l l s  t o  re- 
cove r  a d d i t  i o n a l  o r e  (Chenoweth and Malan , 1975) . 

Concerning t h e  mineralogy of t h e  Cameron o r e  bod i e s ,  Aus t i n ' s  (1964) 
d e t a i l e d  mine ra log i ca l  s tudy  s t a t e s  t h a t  most o r e  c o n s i s t s  of ox id ized  uranium 
s p e c i e s ,  but f o s s i l  l o g s  a r e  found in va r ious  s t a t e s  of ox ida t i on .  A s  l ogs  are 
exposed t o  ox id i z ing  cond i t i ons ,  p y r i t e  and marcas i t e  a l t e r  t o  hemat i te ,  
l i m o n i t e ,  and i r o n  s u l f a t e s ,  wh i l e  u r a n i n i t e  and cof f i n i t e  a l t e r  t o  uranophane, 
z i p p e i t  e ,  boltwoodite,  s ch roeck inge r i t e ,  and u r a n o c i r c i t e .  Where primary p y r i t e  
and  c a l c i t e  have f i l l e d  skr inkage  c r acks  i n  carbonaceous m a t e r i a l ,  t h e y  a r e  
found rep laced  by s u l f a t e s ,  e s p e c i a l l y  gypsum and b a r i t e  (Aust in ,  1964, p .  75) .  
H e  accounts  f o r  m ine ra log i ca l  "double halos"  around some ox id i z ing  l o g s  a t  
c e r t a i n  d e p o s i t s  by a complex ox ida t i on  h i s t o r y  involving ground water  and 
p o s s i b l y  t h e  downcutting h i s t o r y  of t h e  L i t t l e  Colorado River (p. 76-84). How- 
e v e r ,  wi th  on ly  l o c a l  excep t ions ,  t h e  Cameron o r e s  a r e  in chemica l - rad ioac t ive  
equ i l i b r i um.  



A u s t i n  s u g g e s t s  t h a t  t h e  main chemica l  e l e m e n t s  r e l a t e d  t o  t h e  uranium 
o r e  zones  a r e  U ,  Ca, Mn, Cu, Mo, Co, Pb,  Cd, N i ,  and V (Zn n o t a b l y  a b s e n t ) .  
The b e s t  m i n e r a l o g i c a l  g u i d e s  t o  uranium o r e  a r e  t h e  p r e s e n c e  of a )  b l u e  
molybdenum ox ide  f r a c t u r e  f i l m s ,  b)  c a l c i t e - g y p s u m - b a r i t e  gangue m i n e r a l s ,  
and c )  b l e a c h i n g  of c o u n t r y  r o c k  from g r a y  t o  a  y e l l o w  o r  buff  c o l o r  due prob- 
a b l y  t o  o x i d a t i o n  of s u l f i d e s  i n  p ro t -o re  h a l o s .  The Huskon No. 1 0  and 11 mines  
c o n t a i n  n o t a b l e  t r a c e  amounts of molybdenum and c o b a l t - b e a r i n g  m i n e r a l s .  

There  a r e  numerous c o l l a p s e  s t r u c t u r e s  r ecogn ized  around Cameron 
(Chenoweth and Blakemore, 1961; B a r r i n g t o n  and Kerr, 1 9 6 3 ) ,  bu t  o n l y  one ,  t h e  
Riverview mine,  h a s  r e c o r d e d  uranium p r o d u c t i o n  (508 t o n s  of o r e  @ 0.38% U 0  3 8 ) .  
C u r i o u s l y ,  t h e  o r e  came from a  p e r i p h e r a l  s h e a r  zone  and b l o c k s  of downfa l l en  
lower C h i n l e  c l a s t i c s  w i t h i n  t h e  p i p e ,  a s t r u c t u r a l  s i t u a t i o n  resembl ing  t h e  
Orphan Lode. Also c u r i o u s  i s  t h e  resemblance of t h e  o r e s  ( h i g h  U, h i g h  Cu, 
v e r y  low V) t o  t h e  Orphan o r e s  much more t h a n  t h e  o t h e r  Cameron o r e s  ( i n t e r -  
med ia te  U ,  i n t e r m e d i a t e  V ,  some Mo, Cd) . B a r r i n g t o n  and Kerr (1963) d e s c r i b e  
i n  d e t a i l  some s i l i c i f i e d  "plugs" i n t r u d i n g  t h e  Moenkopi Format ion  n o r t h w e s t  of 
Cameron which c o n t a i n  b leached  h a l o s  i n  Moenkopi beds  and p e r i p h e r a l  r a d i o a c t  i v e  
pyr i t e -copper  anomal ies ,  c o n t a i n i n g  s i g n s  of a r g i l l i c  ( k a o l i n  t o  i l l i t e )  a l t e r -  
a t  ion .  

The Cameron d i s t r i c t  h a s  p o t e n t i a l  f o r  a d d i t i o n a l  uranium d e p o s i t s ,  
e s p e c i a l l y  e a s t  of t h e  L i t t l e  Colorado R i v e r  where broad c h a n n e l s  i n  lower  
P e t r i f i e d  F o r e s t  beds can b e  expec ted ,  and in lesser o x i d i z e d  channelways a t  
s l i g h t l y  g r e a t e r  d e p t h  i n  lower C h i n l e  s t r a t a  (Chenoweth, p e r s .  comm., 1980) .  
D r i l l i n g  in  1977-1980 i n  t h e  a r e a  h a s  p rov ided  encourag ing  r e s u l t s  f o r  f u r t h e r  
e x p l o r a t  ion .  S p i r a k i s  (1980) s u g g e s t s  t h a t  t h e  Cameron d i s t r i c t  c o n t a i n s  
a d d i t  i o n a l  uranium p o t e n t i a l  based on a model of s u b s i d e n c e  d u r i n g  P e t r i f i e d  
F o r e s t  time and p r e s e r v a t i o n  of abundant  o r g a n i c  m a t t e r  i n  t h e  sed iments  due t o  
b u r i a l  benea th  ground wa te r  t a b l e s ,  p r i o r  t o  uranium emplacement. 

Vermil ion C l i f f s  - L e e ' s  F e r r y  

Minor p r o d u c t i o n  i s  r e c o r d e d  from t h e  Chin le  Format ion i n  t h e  Vermil ion 
C l i f f  s-House Rock V a l l e y  area a s t r i d e  t h e  Colorado R i v e r  n e a r  L e e ' s  F e r r y .  
Product  ion  i s  from b o t h  Shinarump p a l e o c h a n n e l s  c u t  i n t o  t h e  Moenkopi Format i o n ,  
and from t h e  P e t r i f i e d  F o r e s t  Member of t h e  C h i n l e  Format ion.  

Four mines in Shinarump p a l e o c h a n n e l s  ( E l  P e q u i t o ,  Jimmy Boone, Sun 
V a l l e y ,  and Vermil ion No. I )  y i e l d e d  1212 t o n s  of o r e  a v e r a g i n g  0.20% U308 
(475 9  l b s  o f  ~ 3 0 8 )  , and s i x  mines i n  lower P e t r i f i e d  F o r e s t  sand and mud c h a n n e l  
f i l l s  (Big Blue ,  June ,  Red Wing, Sam, Thomas No. 1, and Tommy) produced 312 t o n s  
of  o r e  a t  0.22% U308 (1367 l b s  of U308). T o t a l  p r o d u c t i o n  from t h e  a r e a  i s  
1524 t o n s  @ 0.201% U308 between 1954 and 1957. The geology of t h e  o r e  d e p o s i t s  
i s  v e r y  s i m i l a r  t o  t h e  o t h e r  Shinarump and P e t r i f i e d  F o r e s t  o r e s  from Cameron 
and Monument V a l l e y .  Channel t r e n d s  i n  t h e  Shinarump and lower P e t r i f i e d  F o r e s t  
i n d i c a t e  f low d i r e c t i o n s  toward t h e  NW - NNW (Phoenix ,  1957,  1963) .  Uranium 
o r e s  from t h e  Sun V a l l e y  mine c o n t a i n  v e r y  unusua l  c o n c e n t r a t i o n s  ( t o  0.07%) of 
a wate r  s o l u b l e  rhenium s a l t  (Pe te r son  and o t h e r s ,  1959) .  

F i g u r e  20 shows o u t c r o p s  of C h i n l e  beds  and some of t h e  m i n e s  and 
o c c u r r e n c e s  i n  t h e  L e e ' s  F e r r y  a r e a .  
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C h i n l e  F m ,  a n d  
G l e n  C a n y o n  G p .  

URANIUM OCCURRENCES 
S h i n a r u m p  M b r .  

M o e n k o g i  F m ,  

P e r m i a n  s e d i m e n t s  - S h i n a r u r n p  M b r .  
s e d i m e n t a r y  s t r u c t u r e  

9 Copper King 
S h i n a r u m p  c h a n n e l  t r e n d s  

If Jimmy Boone 
\ s t r u c t u r a l  c o n t o u r  a t  
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TOREVA FORMATION 

Th i r t een  mines i n  t h e  upper Cretaceous Toreva Format ion (Mesaverde 
~ r o u p )  of e a s t e r n  Black Mesa produced 16,781 t o n s  of o r e  averag ing  0.166% 
U308 between 1954-1958 and 1964-1968. An a d d i t i o n a l  123 t o n s  was produced from 
two mines i n  t h e  S a l t  Wash Member of t h e  Morrison Formation a few m i l e s  n o r t h  
of Rough Rock t r a d i n g  pos t  and were included in t h e  Black Mountain-Rough Rock 
produc t ion  f i g u r e s  on DOE Pre l iminary  Map No. 31 of 16,903 t o n s  @ 0.17% U308. 
Assays f o r  vanadium on t h e  Toreva o r e s  were incomplete,  bu t  b e s t  i n d i c a t i o n s  
are of a 1:l U308 :V2O5 r a t i o  f o r  t h e  o r e s  (Chenoweth and Malan, 1975).  

General r e f e r e n c e s  on t h i s  a r e a  i nc lude  DOE Pre l iminary  Map No. 31, 
Cl in ton  (1956), Repenning and Page (1956),  Repenning and o t h e r s  (1969),  
0' Su l l i van  and o t h e r s  (1972),  and Chenoweth and Malan (1973) 

Uranif e rous  ou t c rops  around Polacca Wash were brought t o  t h e  at  t e n t  ion 
of  t h e  AEC in January 1954. Subsequent ground and a e r i a l  surveys  in 1954-1956 
i d e n t i f i e d  about 25 r a d i o a c t i v e  anomalies i n  t h e  Loha l i  Point-Yale Poin t  a r e a ,  
many of which were subsequent ly  developed i n t o  mines. A few anomalies were 
caused by t horium-bearing heavy minera l  p l a c e r  accumulat ions  in Upper Cretaceous 
i n t e r t i d a l  sand d e p o s i t s ,  d i s cus sed  subsequent ly  by Houston (1956), and Houston 
and Murphy (1977), who recognized t h e s e  in a s s o c i a t i o n  w i t h  t h e  Cretaceous 
seaway throughout t h e  Cord i l l e r an  reg ion .  See a l s o  Bingler  (1963) f o r  some 
no r the rn  New Nexico ana logs .  

Repenning and Page (1956) subdivided t h e  Upper Cretaceous Mesaverde 
Group rocks  of  Black Mesa i n t o  t h r e e  format ions.  They a r e ,  i n  ascending o r d e r ,  
t h e  Toreva Format ion ,  Wepo Format i on ,  and P a l e  Po in t  Sandstone. These forma- 
t i o n s  r ep re sen t  a complex i n t e r t ongu ing  of marine and non-marine beds. See 
Cooley and o t h e r s  (1969, F igu re  4) f o r  a c ro s s - s ec t i on  of Black Mesa s t ra t i -  
graphy and e x c e l l e n t  geo log ic  mapping. See a l s o  Beaumont and Dixon (1965) f o r  
a d d i t i o n a l  geo log ic  mapping i n  a p a r t  of t h e  reg ion .  

The u r a n i f e r o u s  hor izons  in t h e  Toreva Formation occur  i n  t h e  "main 
ledge"  sands tone ,  140-170 f e e t  of fine-to-medium gra ined  noncalcareous sandstone,  
l o c a l l y  burrowed and micaceous, w i t h  l e n s e s  of coa r se  a r k o s i c  sandstone,  c o a l ,  
carbonaceous s h a l e ,  and s i l t s t o n e  i n  t h e  upper p a r t .  Most of t h e  uranium occurs  
a long  bedding p l anes  i n  low-rel ief  channel  sands i n  t h e  upper 40 f e e t  of t h e  
I I main ledge,"  disseminated in t h e  sandstone,  q u i t e  o f t e n  immediately below 
carbonaceous l e n s e s .  The hos t  u n i t  i s  desc r ibed  by Chenoweth and Malan (1973) 
as c o n s i s t i n g  of f i n i n g  upward sequences i n t e r p r e t e d  a s  mig ra t i ng  po in t  bar  
d e p o s i t s  w i th  ove r ly ing  abandoned channel-f ill sediments.  Fac i e s  r e l a t  i onsh ip s  
and  channel  cross-bedding measurements i n d i c a t e  a sediment source  t o  t h e  south-  
w e s t ,  w i th  a gene ra l  NW-SE t r e n d  on pa leo-shore l ines  in t h e s e  beds. The NURE 
Gal lup  NTMS eva lua t i on  s tudy  concludes  t h a t  t h e s e  beds r e p r e s e n t  a d e l t a -  
d i s t r i b u t a r y  system, one  of t h e  few of post-Dakota Sandstone a g e  on t h e  Colorado 
P l a t e a u .  The mined d e p o s i t s  c o n s i s t  of c l u s t e r s  of pods of ore-grade m a t e r i a l  
surrounded by p r o t o r e .  Typica l  d e p o s i t s  measured 400 x 100 f e e t  x less than  
2 f e e t  t h i c k .  Most o r e  was mined by shal low open p i t s ,  r i m  c u t s ,  and in t h r e e  
p l a c e s  by underground methods (Rough Rock s lope ,  E t s i t t y  N o .  1, and Claim 7 ) .  
Uranium minera l s  i nc lude  tyuyamunit e and metatyuyamunit e. Vanadium mine ra l s  
i n c l u d e  vanadium c l a y s ,  metahewet t i t e ,  and melanovanadite.  Study of pa r agenes i s  



I at E t s i t t y  No. I mine  linton on, 1956) s u g g e s t s  f i r s t  t h e  i n t r o d u c t i o n  of 
vanadium c l a y s  and CaC03 ( t o  0.8% by weight  of r o c k )  as cementing a g e n t s  

i fo l lowed by replacement  in t h e  interst it i a l  v o i d s  by tyuyamunit  e. 

The t h r e e  l a r g e s t  uranium p r o d u c e r s  from t h e  Toreva Formation a r e ,  

I 
in d e c r e a s i n g  o r d e r  of p r o d u c t i o n ,  C l a i m  28 (17,300 l b s  of U308 a s s a y i n g  0 . 2 1 % ) ,  
Claim 1 0  (15,600 1 b s .  of U308 a t  0 .15%) ,  and Claim 7 (1.2,500 l b s  of  U308 a t  

\* 0.14%).  Together  t h e s e  accoun t  f o r  81% of t h e  U308 p r o d u c t i o n  from t h e  Toreva 
Formation.  The two o t h e r  most s i g n i f i c a n t  d e p o s i t s  are Todecheenie No. 1 
(6,100 l b s  a t  0.22%) and Claim No. 3 (2200 l b s  a t  0 .15%) ,  which make up an 
a d d i t i o n a l  1 5 %  of t h e  t o t a l  U308 produced.  F i g u r e  2 1  is  a  mine map of t h e  
Claim 28 mine. 

C l i n t o n  (1956) s u g g e s t s  t h e  most s i g n i f i c a n t  o r e  c o n t r o l s  in t h e  Toreva 
Format ion  t o  be :  a )  micaceous o r  a r k o s i c  q u a r t z  s a n d s t o n e s  in c l o s e  p r o x i m i t y  
t o  l i g n i t e s  o r  carbonaceous  l e n s e s ,  i n  s h a l l o w  r e l i e f  c h a n n e l - f i l l  d e p o s i t s  in 
t h e  g e n e r a l  s t r a t i g r a p h i c  c o n t e x t  of i n t e r f  i n g e r i n g  mar ine  Mancos S h a l e  and 
f l u v i a l  ( d e l t a i c  o r  s h o r l i n e )  Toreva sands  and l a g o o n a l  d e p o s i t s ;  b)  l o c a l i z a -  
t i o n  of o r e  b o d i e s  a t  t h e  s h a r p e s t  bends  IPn pa leochanne l  d i r e c t i o n s ,  as i n d i c a t e d  
by cross-bed d i r e c t i o n s ;  and c )  a NW-SE t r e n d i n g  zone  t h a t  l i e s  on t h e  s t e e p e s t -  
d ipp ing  p o r t i o n  of t h e  NE limb of t h e  Black  Mountain ant ic l ine-SW l imb of t h e  
Rim s y n c l i n e  s t r u c t u r e .  T h i s  last  p o i n t  r e sembles  t h a t  of W. L. S t o k e s  on t h e  
o r e  c o n t r o l s  of t h e  nor thwes t  C a r r i z o  S a l t  Wash mines (USAEC RME 3102, 1 9 5 1 ) ,  
where h e  s u g g e s t s  r e s p o n s e  of s t r e a m  d i r e c t i o n s  and g r a d i e n t s  in S a l t  Wash t i m e  
t o  s t r u c t u r a l  movements on nea rby  a n t i c l i n e s .  However, t h e  method by which t h e  
s t r u c t u r e s  i n  t h e s e  two c a s e s  a c t  as o r e  c o n t r o l s  i s  n o t  conf i rmed.  There  i s  
y e t  n o  d i r e c t  ev idence  t h a t  t h e r e  was s t r u c t u r a l  movement contemporaneous w i t h  
Toreva s e d i m e n t a t i o n  whereby c o n t r o l  of c h a n n e l  d i r e c t i o n s  o r  p lacement  of p o i n t -  
bar d e p o s i t s  was a c t u a l l y  l o c a l i z e d  w i t h  r e s p e c t  t o  t h e  f o l d  s t r u c t u r e s  seen  
today.  However, P e i r c e  and W i l t  (1970, p. 1 8 )  n o t e  t h a t  s t r a t i g r a p h i c  t h i n n i n g  
of o v e r l y i n g  Wepo beds  on Black  Mesa may b e  r e l a t e d  t o  s t r u c t u r a l  bowing of t h e  
Maloney s y n c l i n e  d u r i n g  Wepo t ime .  An e q u a l l y  p r o b a b l e  h y p o t h e s i s ,  a t  l e a s t  in 
the Toreva (and   orris on) s i t u a t i o n ,  i s  t h a t  p o s t m i n e r a l i z a t  ion  f o l d i n g  of t h e  
s t r a t a  and subsequen t  e r o s i o n  and stream c u t t i n g  h a s  mere ly  exposed t h e  m i n e r a l -  
ized a r e a s  and made d i s c o v e r y  e a s i e r .  Much of t h e  f o l d i n g  may b e  Laramide i n  
a g e ;  some of it cou ld  be  Oligocene-Miocene in a g e ,  based s o l e l y  upon i n t e n s e  
t e c t o n i s m  in t h e  Basin  and Range c o u n t r y  t o  t h e  s o u t h  d u r i n g  t h i s  t i m e .  
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BRECCIA PIPES 

Brecc ia  p i p e s  a r e  pe rhaps  t h e  most en igmat ic  of  t h e  Arizona uranium 
o c c u r r e n c e  t y p e s .  Those o c c u r r i n g  on t h e  Colorado P l a t e a u  a r e  approx imate ly  
v e r t i c a l l y  o r i e n t e d  chimney- l ike  masses  f i l l e d  w i t h  b r e c c i a t  ed , he te rogeneous  
assemblages  of  sed imenta ry  r o c k s  d e r i v e d  from s t r a t a  which have been d i s p l a c e d  
downward i n t o  t h e  b r e c c i a  p i p e ,  Near ly  one  hundred p i p e s  are known in n o r t h e r n  
Ar izona ,  bu t  uranium h a s  been produced from o n l y  f i v e .  Of t h e s e ,  a l l  bu t  one 
have had less t h a n  10,000 l b s  of  U308 p roduc t  ion  (Chapel ,  Ridenour ,  Hack Canyon, 
and Riverv iew) ,  w h i l e  t h e  f i f t h  (Orphan r ode) h a s  been a  major  Arizona p roducer  
w i t h  p r o d u c t i o n  t o t a l i n g  n e a r l y  4 . 4  m i l l i o n  l b s  of U308. Orphan p roduc t  ion  is  
exceeded in Arizona o n l y  by t h e  Monument No. 2 M i n e  in Apache County. Because 
of  t h e  t r a c k  r e c o r d  of t h e  Orphan, e x p l o r a t i o n  f o r  more p i p e  uranium o c c u r r e n c e s  
is  c o n t i n u i n g  in t h e  Grand Canyon-Arizona s t r i p  country .  C e r t a i n l y ,  many p i p e s  
c o n t a i n  r a d i o a c t i v e  anomal ies ,  w h i l e  pe rhaps  t h e  m a j o r i t y  in t h i s  r e g i o n  a r e  
b a r r e n  of m i n e r a l i z a t i o n  a t  t h e  s u r f a c e .  Methods such  as d e t a i l e d  g r a v i t y  s u r -  
veying a r e  be ing  used t o  p e e r  t h r o u g h  s u p e r f i c i a l  c o v e r  r o c k s  in hopes of d e l i n -  
e a t i n g  b u r i e d  p i p e s .  F i g u r e  22 i n d i c a t e s  t h e  geograph ic  s e t t i n g  of t h e  known 
p i p e s  in t h e  Grand Canyon r e g i o n .  Some of t h e s e  a r e  exposed in a p p a r e n t  WNW- 
t r e n d i n g  groups  o r  c l u s t e r s  where t h e  Grand Canyon e r o s i o n  even t  h a s  s t r i p p e d  
away cover  r o c k s  t o  expose  t h e  Coconino Sandst  one-to-Redwall Limestone s t r a t  i- 
g r a p h i c  i n t e r v a l .  Almost c e r t a i n l y ,  o t h e r  p i p e s  remain h idden  in a d j a c e n t  a r e a s .  
The m a j o r i t y  of t h e  Grand Canyon p i p e s  a r e  found i n  t h e  sed imenta ry  u n i t s  above 
t h e  M i s s i s s i p p i a n  Redwall Limestone.  F r e q u e n t l y ,  t h e i r  p r e s e n c e  i s  i n d i c a t e d  on 
aerial  photographs  by a  b l e a c h i n g  t o  v e r y  l i g h t  c o l o r s  of  r e d  o r  red-brown c l a s t i c  
sed iments .  B a r r i n g t o n  and K e r r  (1963) d e s c r i b e  ana logous  s t r u c t u r e s  in t h e  
g e n e r a l  Cameron a r e a .  

The o n l y  a s s o c i a t i o n  of P l a t e a u  b r e c c i a  p i p e s  and a t t e n d a n t  Cu-U m i n e r a l s  
w i t h  any v o l c a n i c  r o c k s  known t o  t h i s  a u t h o r  i s  a t  t h e  Copper House No. 2  c l a i m  
o f  Mohave coun ty ,  where a  b a s a l t  d i k e  u n d e r l i e s  a gossen  o r  i r o n - s t a i n e d  b r e c c i a  
zone which i n  t u r n  i s  r e l a t e d  t o  b leached  r a d i o a c t i v e  S u p a i  beds .  The b a s a l t  
i s  l i k e l y  l a t e  Cenozoic i n  a g e ,  and may o r  may n o t  p o s t d a t e  t h e  Cu-U m i n e r a l i z a -  
t ion h e r e .  

Exp lo ra t  ion  c o n t i n u e s  f o r  b u r i e d  p i p e  s t r u c t u r e s ,  e s p e c i a l l y  in t h e  
r e g i o n  n o r t h  of  t h e  Grand Canyon. I n  December 1980,  Energy F u e l s  Nuclear  
announced ( a d i r t ,  No. 498, p u b l i s h e d  a t  Bisbee ,  AZ) t h e  d i s c o v e r y  of a  new 
b r e c c i a  p i p e  about  a  h a l f  m i l e  west  of t h e  Hack Canyon mine ( F i g u r e  23) in  ,. .. 
Mohave county .  D r i l l i n g  r e s u l t s  i n d i c a t e  a  p o s s i b l e  500,000 t o n s  of uranium- 
copper  o r e  i n  p i p e  f i l l .  With a c o n s e r v a t i v e  g r a d e  of 0.3% U308, t h i s  r e p r e s e n t s  
3 m i l l i o n  pounds of U308 O r e  sh ipments  from t h e  new Hack mine a r e  go ing  t o  
Bland ing ,  Utah s t a r t i n g  in December 1980.  

During 1979-1980, r a d i o a c t i v i t y  a s s o c i a t e d  w i t h  copper  s t a i n i n g  of s u r f  i- 
c i a 1  Kaibab Limestone in t h e  Wil laha-Ani ta  a r e a  between t h e  Grand Canyon and 
Wil l iams (Coconino county)  r e c e i v e d  some d r i l l i n g  a t t e n t  i o n ,  w i t h  t h e  u l t i m a t e  
t a r g e t s  p robab ly  be ing  b u r i e d  b r e c c i a  p i p e s  such  a s  t h e  Orphan Lode. A t  l e a s t  
t h r e e  companies have d r i l l e d  an  e s t i m a t e d  two dozen h o l e s .  A s t r i c t  Orphan 
Lode model would p l a c e  major m i n e r a l i z a t i o n  in Supa i  and H e r m i t  beds ,  pe rhaps  
1200 f e e t  below t h e  s u r f a c e .  T h i s  Kaibab s u r f i c i a l  m i n e r a l i z a t i o n  may a l s o  
i n d i c a t . e  t h a t  t h e  b r e c c i a  p i p e  phenomena of t h e  r e g i o n  a f f e c t e d  r o c k s  a t  l e a s t  
as young a s  Kaibab l i m e s t o n e .  



Example - Orphan Lode Mine 

Many publ i shed  r e p o r t s  have d e a l t  w i t h  t h e  complex o r i g i n  and mine ra l i z a -  
t i o n  a t  t h e  Orphan Lode, l o c a t e d  nea r  t h e  t o u r i s t  c e n t e r  a long  t h e  sou th  rim 
of t h e  Grand Canyon. See Magleby (1961), Granger and Raup (1962),  Kof fo rd  (1969),  
Gorni tz  and Kerr (1970),  Bowles (1977) and Boyden (1978). Figuer  24 is  a 
c ross -sec t  ion through t h e  Orphan p i p e ,  showing i t s  approximate h o w n  v e r t i c a l  
e x t e n t  and o v e r a l l  mine development. F igure  25 shows p l an  views of t h e  245 and 
400 f o o t  l e v e l s  in  t h e  mine. The fol lowing d i s c u s s i o n  i s  t aken  from t h e  above 
sources .  

The Orphan Lode c la im was l oca t ed  i n  1891 f o r  su r f  i c  i a l  copper showings 
and was prospected i n t e r m i t t e n t l y  f o r  copper u n t i l  about 1910. There may have 
been no a c t u a l  p roduc t ion  of copper from t h e  mine. The c la im was pa t en t ed  in 
1906, wi th  t h e  papers  being s igned by P r e s i d e n t  Theodore Roosevelt .  The Grand 
Canyon was made a Nat iona l  Monument in 1909. I n  1953, Golden Crown Mining 
Company acqui red  mining r i g h t s  on t h e  p rope r ty ,  fo l lowing  t h e  d i scovery  of 
u r an i f e rous  mine ra l s  a t  t h e  mine by H. Granger of t h e  USGS in 1951. The company 
cons t ruc t ed  an a e r i a l  tramway from t h e  p ipe  ou tc rop  t o  t h e  canyon rim in 1955. 
Regular product ion began in 1956. Product ion w a s  l i m i t e d  by the 1,000 t o n /  
month capac i t y  of t h e  tramway. La t e  in 1959 f i r s t  o r e  was removed by h o i s t i n g  
through a newly completed 1600 f t  deep s h a f t  and 1400 f t  c r o s s  c u t .  A b i l l  
was passed by Congress i n  1962 t o  a l low t h e  mining company (western E q u i t i e s  
s i n c e  1961) t o  mine newly found o r e  on Nat iona l  Pa rk  l and ,  ad j acen t  t o  t h e  
c la im,  in exchange f o r  NPS ownership of t h e  Orphan p rope r ty  25 y e a r s  hence, in 
1987. Mining was cont inued  from 1962 t o  1967 by Western E q u i t i e s ,  and 1967 
through 1969 by t h e  Co t t e r  Corporat ion,  which st ill c o n t r o l s  mining r i g h t s .  
Most of t h e  o r e  through 1969 was shipped t o  t h e  Rare Metals m i l l  in Tuba Ci ty .  

The Orphan p i p e  s u r f a c e s  in  t h e  lower Coconino Sandstone, 1000 f e e t  below 
t h e  rim of t h e  canyon, and ma in t a in s  a mean diameter  of 230 f e e t  down through 
t h e  H e r m i t  Shale .  It t h e n  f l a r e s  ou t  symmetr ical ly  in t h e  downward d i r e c t i o n  
t o  a mean diameter  of 400 t o  500 f e e t  i n  t h e  upper Supai Formation. V e r t i c a l  
d r i l l i n g  sugges t s  t h a t  t h e  p ipe  bottoms n e a r  t h e  middle of t h e  Redwall Lime- 
s t o n e ,  s i n c e  lower u n i t s  down t o  t h e  Tapeats  Sandstone beneath t h e  m i n e  appear  
undis tu rbed  i n  a s i n g l e  deep d r i l l  ho le .  

Where mined, t h e  m a t e r i a l s  f i l l i n g  t h e  p ipe  were der ived  on ly  from u n i t s  
above. Coconino Sands.tone b locks  have f a l l e n  as much a s  275 f e e t  below t h e  
Coconino base ,  and blocks of H e r m i t  Shale  beds have co l l apsed  over  300 f e e t  
down t o  t h e  500 f t  mine l e v e l .  No vo l can i c  m a t e r i a l ,  Precambrian rocks ,  o r  
lower Pa leozoic  rocks  have been i d e n t i f i e d  anywhere in t h e  explored p o r t  i o n s  
o f  t h e  p ipe ,  i n d i c a t i n g  on ly  n e t  downward t r a n s p o r t  of m a t e r i a l s  presumably 
due t o  some kind of c o l l a p s e ,  perhaps provoked by so lu t i on ing  of t h e  under ly ing  
Redwall Limestone. Mul t i p l e  c o l l a p s e  events  appear  t o  have occurred,  s i n c e  
t h e r e  a r e  s e v e r a l  "pipe wi th in  pipe" s t r u c t u r e s ,  s epa ra t ed  by roughly concen t r i c  
annu la r  shear  zones.  

The p ipe  f i l l  may be separa ted  i n t o  b r e c c i a  ( con t a in ing  b locks  of 
r ecogn izab l e  H e r m i t ,  Coconino, and Supai l i t h o l o g i e s ) ,  and massive sand f i l l ,  
some of which has  been p a r t i a l l y  c a l c i f i e d  ( c a l c i t e ,  w i th  some dolomite  and 
s i d e r i t e  f i l l i n g  i n t e r g r a n u l a r  spaces ) .  Most of t h e  l oose  sand f i l l  w a s  de r ived  
from t h e  Coconino Sandstone. 



The o u t e r  p i p e  w a l l  i s  a  s h a r p  c o n t a c t .  E x t e n s i v e  c o l o r  b l e a c h i n g  
of t h e  su r round ing  i n  s i t u  rocks  i s  n o t e d  f o r  s e v e r a l  f e e t  beyond t h e  p i p e  
w a l l .  

B r i e f l y ,  t h e r e  3-e two main t y p e s  o f  o r e  o c c u r r e n c e  i n  t h e  m i n e ,  
a n n u l a r  r i n g  ( i n c l u d e s  "A" o r e  body of  F i g u r e  24  ) and i n t e r i o r  p i p e  f i l l  
("B" o r e  body) .  The "B" o r e  o c c u r s  i n  t h e  h i g h l y  f r a c t u r e d  and b r e c c i a t e d  
c e n t r a l  i n t e r i o r  of  t h e  p i p e .  T h i s  o r e  e x t e n d s  from n e a r  t h e  s u r f a c e  o u t -  
cropping of  t h e  p i p e  t o  about  t h e  450 f t  l e v e l .  Kofford  b e l i e v e s  t h e  "B" 
body l i e s  w i t h i n  a n  i n t e r i o r  "pipe-wi thin-pipei9  which was d i s p l a c e d  down- 
ward w i t h  r e s p e c t  t o  t h e  "A1' o r e  body. The a n n u l a r  r i n g  o r e  i s  g e n e r a l l y  
c o n c e n t r a t e d  n e a r  t h e  p e r i m e t e r  of t h e  p i p e ,  e s p e c i a l l y  j u s t  below t h e  l e v e l  
where t h e  p i p e  c o n s t r i c t s  i n  t h e  upward d i r e c t i o n .  It h a s  been found downward 
t o  n e a r  t h e  550 f t  l e v e l .  I n  more d e t a i l ,  t h e  a n n u l a r  r i n g  o c c u r s  i n  (1) t h e  
s h e a r  zone marking t h e  p i p e  boundary,  e s p e c i a l l y  above t h e  Hermit-Supai con- 
t a c t ,  where it was mined a s  t h e  h igh-grade "A" o r e  body,  ( 2 )  t h e  b r e c c i a  
j u s t  i n s i d e  t h o s e  s h e a r s ,  and (3) t h e  d i s t ~ r r b e d  and u n d i s t u r b e d  r o c k s  j u s t  
o u t s i d e  t h e  p i p e  i n  t h e  Supa i  Formation.  O u t s i d e  t h e  p i p e ,  most of  t h e  
a n n u l a r  r i n g  o r e  i s  s t r a t i g r a p h i c a l l y  c o n f i n e d  t o  c e r t a i n  sandy l a y e r s  i n  a  
r i n g  zone su r round ing  t h e  p i p e  averaging 6-50 f t  wide ,  and i s  c o n t r o l l e d  by 
placement of a n n u l a r  f r a c t u r e s  su r round ing  t h e  p i p e .  The a n n u l a r  r i n g  o r e  
appears  t o  bottom o u t  on t o p  of a  s h a l e  bed i n  t h e  Supa i  Format ion.  I n  
g e n e r a l ,  more o r e  o c c u r s  i n  a r e a s  hav ing  a g r e a t e r  i n t e n s i t y  of  s h e a r i n g .  
High g r a d e  o r e  from t h e  a n n u l a r  r i n g  c o n s i s t s  of u r a n i n i t e  i n t e r g r o w n  w i t h  r e d  
e a r t h y  h e m a t i t e ,  and f  ine -g ra ined  p y r i t e - c h a l c o p y r i t e .  

Uranium o c c u r s  c h i e f l y  a s  u r a n i n i t e  i n  i n t e r s t  it i a l  i n t e r g r a n u l a r  
f i l l i n g s  and v e i n l e t s  f o l l o w i n g  s h e a r  zones  a l o n g  w i t h  numerous o t h e r  m i n e r a l s  
of i r o n ,  c o p p e r ,  l e a d ,  z i n c ,  n i c k e l ,  and c o b a l t .  Some molybdenum, a r s e n i c ,  
s i l v e r ,  maganesium, and barium m i n e r a l s  were  a l s o  i n t r o d u c e d .  More t h a n  
60 m i n e r a l s  a r e  r e p o r t e d  f o r  t h e  mine. 

Both s u l f i d e  and o x i d i z e d  m i n e r a l  assemblages  a r e  r ecogn ized .  The de- 
t a i l e d  m i n e r a l  i n v e s t i g a t i o n s  g e n e r a l l y  conc lude  t h a t  t h e r e  was,  i n  most 
p a r t ,  a  r a p i d ,  s imul taneous  p r e c i p i t a t i o n  of t h e  s u l f i d e  components. The ox id -  
ized components may have been formed d u r i n g  t h e  l a t e  Cenozoic Grand Canyon 
c u t t i n g  e v e n t ,  and,  more p a r t i ~ u l a r l y ~ d u r i n g t h e  c r e a t i o n  of t h e  Esplanade 
s u r f a c e  i n s i d e  t h e  canyon (Bowles, 1977) .  T h i s  s u r f a c e  i s  a  bench formed a t  
t h e  c o n t a c t  between t h e  H e r m i t  S h a l e  above and t h e  S u p a i  Formation below. 

Mineral  zoning w i t h i n  t h e  p i p e  i s  r e c o g n i z e d ,  b o t h  i n  a  l a t e r a l  and 
v e r t i c a l  s e n s e .  The c o r e  of t h e  p i p e  is  m o s t l y  p y r i t e  and u r a n i n i t e ,  whereas 
t h e  margins  c o n t a i n  u r a n i n i t e  w i t h  a  complex m i x t u r e  o f  c h a l c o c i t e ,  t e n n a n t  i t e ,  
v a r i o u s  Ni-Co a r s e n i d e s ,  and g a l e n a .  The g a l e n a  i s  of "common l e a d "  composi- 
t i o n  ( i . e . ,  n o t  r e c e n t l y  s e p a r a t e d  from p a r e n t  uranium) a c c o r d i n g  t o  M i l l e r  
and Kulp (1963) . Although p y r i t e  and m a r c a s i t e  a r e  d i s t r i b u t e d  th roughout  
t h e  v e r t i c a l  e x t e n t  of t h e  p i p e ,  uranium c o n t e n t  of o r e  g e n e r a l l y  i n c r e a s e s  
upward i n  d i r e c t  p r o p o r t i o n  t o  g a l e n a  c o n t e n t .  The s u l f u r  i n  t h e  s u l f i d e s  
has  a  h i g h l y  f r a c t i o n a t e d  i s o t o p i c  compos i t ion  which i s  much more s i m i l a r  t o  
b a c t e r i a l l y  produced sedimentary  s u l f i d e s  t h a n  u s u a l  hypogene s u l f i d e  sys tems .  

K a o l i n i t e  and i l l i t e  ( 1  Mdl, minor 2 M I )  a r e  t h e  o n l y  c l a y s  a s s o c i a t e d  
w i t h  m i n e r a l i z a t i o n ,  and hence t r u e  a r i l l i c  a l t e r a t i o n  may n o t  b e  p r e s e n t  



( ~ o r n i  jz and Kerr ,  1970) . F l u i d  i n c l u s i o n  s t u d i e s  i n d i c a t e  temperature of 
formatron o f  c a l c i t e  i n  t h e  p i p e  f i l l  o f  60-llO°C. Miller and Kulp 963) 
r e p o r t  s p h a l e r i t e  e q u i l i b r a t i o n  t empera tu res  of  n o t  above 90°C. 

I s o t o p i c  a s  by v a r i o u s  uranium-lead methodologirs  produce cumpie"' 
d i s c o r d a n t  p a t t e r n s  f o r  t i m e  of  m i n e r a l i z a t i o n  a t  t h e  Orphan Mine. 
Gorn i tz  and e r r  (1970) r e p o r t  a g e  a t t e m p t s  of Miller and Kulp ranging f .prorn 
87 t o  402 m.y., w i t h  t h e i r  b e s t  e s t i m a t e  f o r  a  minimum a g e  o f  mineralizatio* 
being 4 0  m y  M i l l e r  and Kulp (1963) had o r i g i n a l l y  r e p o r t e d  "bes t f f  ages 
of  200-120 m.y. based upon t h e i r  c a l c u l a t i o n s  o f  U-Pb 

systemat , 
inclad'*' 

a  hypothesized one o r  two-stage l e a d - l o s s  model. Y c h  l e a d  l o s s  e p i s o d e  
t h e t i c a l l y  i n v o l v e s  t h e  d i s s o l u t i o n  and r e p r e c i p i t a t  i o n  of 'nevi' u r a n i n i c e o  

The o r i g i n  o f  t h e  Orphan o r e s  remains  enigmat ic .  W e  t h i n k  t h a t  (11 cbe 

p i p e  formed by c o l l a p s e  i n t o  a s o l u t i o n  c a v i t y  formed i n  upper  R e d w a l i ~ i ~ ~ *  
s t o n e ,  and (2) low-temperature copper-uranium m i n e r a l i z a t i o n  was emplaced 
i n t o  permeable f i s s u r e  sys tems and porous s a n d s t o n e  p i p e  f i l l ,  a long  wi th  
p robab ly  b a c t e r i a l l y - d e r i v e d  s u l f i d e  s u l f u r ,  probably  d u r i n g  t h e  J u r a s s i c -  
e a r l y  Cretaceous  t ime  i n t e r v a l  (120-140 m.y. ago) .  Maj o r  unanswered ques t  ion' 
i n c l u d e  t h e  reason  f o r  t h e  l o c a l i z a t i o n  of  t h e  o r e s  n e a r  t h e  p i p e  c o n s t r l c -  
t i o n  a t  t h e  base  of t h e  Hermit Sha le ,  t h e  d i r e c t i o n  from which t h e  mineralizing 
s o l u t i o n s  a m ,  t h e  r o l e  i n  l o c a l i z i n g  uranium o f  carbonaceous m a t e s  f o v n  d 
i n  t h e  p i p e  (Rofford,  1969) ,  and t h e  t h i c h e s s  and l a t e r a l  e x t e n t  o f  Mesozoic 
c o v e r  r o c k s  o v e r  t h e  Grand Canyon a t  f he t i m e  o f  m i n e r a l i z a t i o n .  

F i n a l l y ,  one might c o n s i d e r  a  p o s s i b l e  r e l a t i o n s h i p  between uranium 
m & e r a l i z a t i o n  d u r i n g  t h e  l a t e  J u r a s s i c  - e a r l y  Cretaceous  a t  t h e  Orphan 
Lode ( a s  deduced by uranium d a t i n g )  and t h e  1 a r g e  amount of s t r a t a b o u n d  
uranium-vanadium o r e  i n  t h e  l a t e  J u r a s s i c  Morrison Formation of t h e  Four 
Corners  r e g i o n ,  which is inom t o  have sediment o r  a  t o  t h e  w e  and 
s o u t h ,  i n  t h e  g e n e r a l  d i r e c t i o n  of t h e  Grand Canyon reg ion .  It is p o s s i b l e  
t h a t  chemical  components of b o t h  t h e  Orphan and Morrison o r e s  were t r a n s p o r t e d  
nor theas tward  i n  groundwaters o r  u p  s o l u t i o n ,  de r ived  from $fogallon 
h i g h l a n d s  v o l c a n i c  s o u r c e s  i n  Morrison t i m e  o r  pre-Dakota m e ,  and subse- 
q u e n t l y  chemica l ly  f r a c t i o n a t e d  i n t o  CU-U and V-U-Cu components and p r e c i p i t a t e d  
i n  t h e i r  r e s p e c t i v e  e n v i r o m r n t s .  1 t h i s  model, t h e  s t r a t i g r a p h i c  l i d  t b t  
o v e r l i e s  bo th  t h e s e  d e p o s i t  t y p e s  is t h e  r e g i o n a l  t r u n c a t i o n  s u r f a c e  t h a t  under- 
l i e s  t h e  Dakota Sandstone.  
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p r e s u m e d  b r e c c i a  
( c o l l o p s r )  p i p e  b o u n d a r y  

A p p r o x i m a t e  S c o f a  

G e n e r a l i z e d  C r o s s  S e c t i o n  t h r o u g h  H a c k  C a n y o n  M i n e ,  
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C o c o n i n o  Ss. 

H e r m i t  S h d e  

@ D i f f e r e n t i a l  b l e a c h i n g  o f  S u p a i  s i l t s t o n e s  

A n n u l a r  r i n g  z o n e  w i t h  c a l c i f i c a t i o n  
@ a n d  s e l e c t i v e  o r e  d e p o s i t i o n  o f  s i l t s t o n e  

I n t e n s e  o x i d a t i o n -  a b u n d a n t  C u  

@ C o a r s e  b r e c c i a  z o n e  

@ C a l c i f i e d  s a n d s t o n e  p i p e  f i l l  

A p p r o x i m a t e  b r e c c i a  c o l l a p s e  

e 
V e r t i c a l  S c a l e  e i s  300 f e e t  b e l o w  

H o r i z o n t a l  s c a l e  a b o u t  t h e  s a m e  

C o c o n i n o  C o u n t y  - c o m p o s i t e  o f  s e v e r a l  p u b l i s h e d  a n d  u n p u b l i s h e d  

c o l l a p s e  

b r e c c i a  
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s a n d s t o n e  p i p e  f i l l  

m a s s i v e  c a l c i f i e d  
s a n d s t o n e  p i p e  f i l l  

b r e c c i a  zone 

b l e a c h e d  S u p a i  F m .  
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HOPI BUTTES 

Uranium was d i s c o v e r e d  i n  t h e  Hopi B u t t e  v o l c a n i c  f i e l d  of Navajo 
County i n  t h e  e a r l y  1950s , w i t h  o n l y  one c l a i m ,  t h e  Morale ,  hav ing  y i e l d e d  
ore-grade m a t e r i a l .  Much u ran ium-re la ted  g e o l o g i c  work i n  t h e  Hopi B u t t e s  

1 d u r i n g  t h e  1950s was d i s c u s s e d  i n  o p e n - f i l e d  USAEC TEI r e p o r t s  by Eugene 
Shoemaker, and summarized by Shoemaker, Roach, and Byers (1962) .  See  a l s o  
Lowell (1950) .  The USGS, i n  c o o p e r a t i o n  w i t h  t h e  Bureau o f  I n d i a n  A f f a i r s  

i (BIA), d i d  supp lementa l  geology,  p e t r o l o g y ,  and d r i l l i n g  s t u d i e s  d u r i n g  
1978-1980 which w i l l  appear  i n  t h e  NURE F l a g s t a f f  and G a l l u p  NTMS f o l i o  
e v a l u a t i o n s  ( a v a i l a b l e  f o r  p u b l i c  i n s p e c t  i o n  i n  Grand J u n c t i o n  as of January  
1981) .  A summary of  t h i s  work a p p e a r s  i n  Wenrich-Verbeek and Shoemaker (1980) .  
The d e t a i l s  below f o l l o w  from t h e s e  d i s c u s s i o n s .  

TheE-IopiButtes v o l c a n i c  f i e l d  c o n s i s t s  of  abou t  300 d i a t r e m e s  and a s s o c i -  
a t e d  f lows  and t u f f  beds c o n t a i n e d  i n  a  c i r c u l a r  f i e l d  abou t  20 m i l e s  i n  diame- 
t e r .  The v o l c a n i c  rocks  of  t h e  f i e l d ,  where d a t e d  by K / A ~  and p a l e o n t o l o g i c  
methods, r ange  i n  a g e  from 4 t o  ,8 m.y. o l d .  By a l l  a v a i l a b l e  e v i d e n c e  t h e y  

I e r u p t e d  th rough  a  l a c u s t r i n e  environment which had a l r e a d y  d e p o s i t e d  v a r i -  
c o l o r e d  l akebeds  of  t h e  Bidahochi  Formation i n  what i s  now c a l l e d  Hopi Lake. 
The d i a t r e m e s  and t h e i r  a s s o c i a t e d  t u f f s  and f lows  a r e  s e e n  t o  rest on t o p  of 

t 
t h e s e  l akebeds .  The u r a n i f e r o u s  l a k e b e d s  a r e  d e p o s i t e d  i n s i d e  t h e  d i a t r e m e s .  
The v o l c a n i c s  a r e  d e p o s i t i o n a l l y  o v e r l a i n  i n  t h e  e a s t e r n  p a r t  of  t h e  f i e l d  by 
a  f  l u v i a l  (and a e o l i a n ? )  s a n d s t o n e  (uppermost member o f  t h e  Bidahochi  Format i o n  
accord ing  t o  Shoemaker e t  a l . ,  1962) .  The Bidahochi  l a k e b e d s  rest upon J u r a s s i c  
Wingate Sandstone i n  t h e  s o u t h e r n  p a r t  of  t h e  Hopi B u t t e s  a r e a ,  and upon 
younger Dakota S s ,  Mancos S h a l e ,  and Mesaverde Group r o c k s  of  Upper Cre taceous  
age i n  t h e  n o r t h e r n  p a r t .  

P e t r o l o g i c a l l y ,  t h e  Hopi B u t t e s  v o l c a n i c  r o c k s  a r e  c l a s s i f i e d  a s  l imbur-  
g i t e s  and monch iqu i t e s ,  g r a d i n g  nor thwestward t o  m i n e t t e s .  These r o c k s  have 
lower s i l i c a  c o n t e n t s  ( 4 7 % )  and h i g h e r  Na, K ,  T i ,  and F c o n t e n t s  a s  compared 
to  "normal" c o n t i n e n t a l  a l k a l i  b a s a l t s  of  t h e  s o u t h e r n  Colorado P l a t e a u .  They 
a l s o  are n o t a b l y  h i g h  i n  Ag, B a ,  S r . ,  Y ,  Z r ,  and U ,  w i t h  a n  a v e r a g e  of 4 ppm U 
as compared w i t h  1 ppm a v e r a g e  f o r  t h e  c o n t i n e n t a l  b a s a l t s .  They a l s o  g e n e r a l l y  
c o n t a i n  pr imary CaC03, p r e s e n t  a s  i n c l u d e d  masses and v e i n l e t s .  

The d i a t r e m e s  are f u n n e l  shaped w i t h  s h a r p  inward-dipping c o n t a c t s  w i t h  
Bidahochi o r  o l d e r  w a l l r o c k s .  S p a t t e r  f lows  and c o e v a l  l i m b u r g i t e  t u f f  d i s t a l  
f a c i e s  compose t h e  o u t e r  p o r t i o n  of  t h e  d i a t r e m e s ,  w i t h  t h e  d i a t r e m e  i n t e r i o r s  
f i l l e d  w i t h  b r e c c i a t e d  d e b r i s  produced from c o l l a p s e  and i n f i l l i n g  f o l l o w i n g  t h e  
phreatomagmat i c  diatreme-forming e r u p t  i o n s .  Th i s  i n f  ill i s  composed of b l o c k s  

i of l i m b u r g i t e  t u f f s ,  f low r o c k s ,  and Wingate Ss  and o t h e r  o l d e r  w a l l  r o c k  
m a t e r i a l .  Precambrian c l a s t s  a r e  uncommon excep t  i n  l o c a l  c i r c u m s t a n c e s .  

i A f t e r  e x p l o s i o n  and c o l l a p s e  of  t h e  c e n t r a l  v e n t ,  t h e  d i a t r e m e s  s t o o d  
wi th  bowl-shaped d e p r e s s i o n s  which f i l l e d  w i t h  up t o  200 f e e t  of  mudstones and 
t r a v e r t i n e - l i k e  c a r b o n a t e  l a y e r s ,  a l o n g  w i t h  some r h y o l i t i c  a i r - f a l l  a s h  beds  
which were be ing  e r u p t e d  from v e n t s  i n  t h e  Hopi B u t t e s  f i e l d .  However, it i s  

I not  c l e a r  i f  t h e s e  l a t e r  sed iments  were a l s o  d e p o s i t e d  o u t s i d e  t h e  d i a t r e m e s ,  
perhaps  i n  a  s t i l l - e x t a n t  Hopi Lake, and were l a t e r  removed i n  a l l  a r e a s  
except  a t o p  t h e  d i a t r e m e s  by t h e  e r o s i o n  e v e n t  t h a t  l e f t  t h e H o p i B u t t e  d i a -  

, t remes s t a n d i n g  a s  r e s i s t a n t " p l u g s 1 ' .  A l t e r n a t e l y ,  t h e  sed iments  cou ld  have 



been o r i g i n a l l y  confisled t o  i nd fv idua l  ponds i n s i d e  t h e  d ia t remes ,  a t  a 
t i m e  when Hopi Lake was dry ing  up. A quest  ion  a l s o  a r i s e s  concerning t h e  
o r i g i n  of t h e  bowl-style symmetrical inward d i p s  of t h e  sediments.  They 
nonconformably o v e r l i e  t h e  volcanogenic  co l l apsed  i n f i l l  and have f l a t  
d i p s  n e a r  t h e  c e n t e r ,  and p rog re s s ive ly  s t e e p e r  d i p s  outward towards t h e  
d ia t reme margins. I n  p l ace s ,  20-30° inward d i p s  on s h a l e s  (which at one  
p l a c e  a t  Coliseum d i a t r eme  con t a in  a f i s h  f o s s i l )  sugges t  some post-sedi-  
mentat  i on  d i a t r eme  c o l l a p s e  may have occurred.  I f  so,  t h i s  post-sediment 
c o l l a p s e  could be  a c o n t r i b u t i n g  .reason f o r  t h e  p r e s e r v a t i o n  of t h e s e  
u r an i f e rous  sediments  on ly  i n s i d e  t h e  d ia t reme bowls, s i n c e  only t h e r e  
were they  p ro t ec t ed  from e r o s i o n  because of r e s i s t a n t  vo l can i c  bowls sur-  
rounding ,them. 

The "perched" d ia t reme i n f i l l  sediments a r e  t h e  s o l e  hos t  f o r  t h e  35 
known uranium occur rences  of t h e  Hopi Bu t t e s ,  'Swenty of t h e  occurrences  
i n  i n f i l l  d e p o s i t s  con t a in  r a d i o a c t i v i t y  l e v e l s  5 t imes background. No 
anomalous r a d i o a c t i v i t y  ha s  been no t i ced  a t  any Hopi Bu t t e  e r u p t i v e  c e n t e r  
t h a t  l a c k s  t h e s e  d ia t reme sediments.  The most r e c e n t  USGS work sugges t s  
t h a t  t h e  l imes tone  l a y e r s  i n  t h e  sediments resemble h o t  s p r i n g  t r a v e r t i n e s  
and con t a in  c h a r a c t e r i s t i c  high concen t r a t i ons  of phosphate,  s u l f a t e ,  B a ,  
S r ,  U ,  Se, Co, N i ,  e t c .  These obse rva t i ons  sugges t  a m i n e r a l i z a t i o n  model 
i nvo lv ing  thermal  wa te r s  a s s o c i a t e d  w i t h  t h e  d ia t remes  which suppl ied  uranium 
t o  t h e  d ia t reme sediments.  

I n  d e t a i l ,  uranium is  noted i n  two p o s i t i o n s  w i t h i n  t h e  d ia t reme 
sediments .  Both p o s i t i o n s  a r e  noted a t  t h e  Seth-la-kai d ia t reme,  con t a in ing  
t h e  Morale c la im (see  F igure  26).  Uranium is  s t r a t i g r a p h i c a l l y  confined t o  
sands tone ,  mudstone, o r  l imes tone  beds i n  t h e  maSn mass of t h e  sediments.  
And, a t  t h e  Morale c la im proper  (Figure 26) ,  uranium is  concent ra ted  (with 
a s s a y s  t o  0.50% ~ 3 0 8 )  i n  lowermost permeable v o l c a n i c  sandstone beds which 
a r e  draped over  b locks  of l imburg i t e  t u f f  which p ro t rude  through t h e  uncon- 
fo rmi ty  between t h e  lower v o l c a n i c  slump d e b r i s  and t h e  over ly ing  d ia t reme 
sediments .  Here, and elsewhere,  t h e r e  i s  a c l e a r  concen t r a t i on  of rad io-  
a c t i v i t y  near  a n t i c l i n a l  c r e s t s  i n  t h e  youqger sediments .  Some r a d i o a c t i v i t y  
h a s  been noted a long  f a u l t  boundaries  a t  o r  nea r  t h e  d ia t reme margin,  a s  w e l l .  

The r e c e n t  USGS-BIA Hopi Bu t t e s  d r i l l i n g  program cons i s t ed  of 24 h o l e s  
through t h e  d ia t reme sediment beds a t  Seth-la-kaS d ia t reme and 6 h o l e s  d r i l l e d  
i n t o  Hoskie Tso diat reme.  Based on t h i s  d r i l l i n g ,  t h e  USGS p r o j e c t s  a con t en t  
of n e a r l y  400,000 i b s  ofU3Q8 i n  an  upper 50 f o o t  i n t e r v a l  a t  Seth-la-kai.  
P r ev ious  produc t ion  from t h e  Morale o r e  zone is  l i s t e d  a s  576 l b s  of U308 
i n  g rades  of 0.15% U308 and 0.04% V205 between 1954 and 1959. Hoskie Tso 
d i a t r eme  d r i l l i n g  i n d i c a t e d  ve ry  low uranium grades  and t h i cknes se s .  Ove ra l l ,  
however, assuming 30 d ia t remes  t o  have s i m i l a r  uranium con ten t s  and o r e  volumes 
as Seth-la-kai,  t h e  USGS p r o j e c t s  a con ten t  of 30,000,000 l b s  of U3O8 i n  t h e  
Hopi But tes ,  assuming average grades  of 0.01% U308. 
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OTHER HOST ROCKS i 

Other Pa leozoic  and Mesozoic sedimentary rocks  of t h e  Colorado 
P l a t eau  r eg ion  a r e  known t o  con t a in  urqnium anomalies.  These s t r a t a  i nc lude ,  
i n  o rder  of decreas ing  age,  Naco-Supai Formations,  b a s a l  Coconino Sandstone, 
t h e  Kaibab Limestone, b a s a l  Moenkopi Formation, t h e  Sonsela  Sandstone of 
t h e  Chinle  Formation, t h e  lower Kayenta Formation, and t h e  Dakota Sandstone. 

Radioac t ive  c l a s t i c  u n i t s  nea r  t h e  c o n t a c t  of t h e  Naco and Supai 
Formations,  nea r  t h e  Pennsylvanian-Permian boundary, a t  Promontory But te ,  
G i l a  County have been explored  by a t  least two d r i l l  programs i n  t h e  1970 's .  
One shipment of less than  500 tons  of low grade  o r e  was made from t h e  Neptune 
(Promontory Bu t t e  l i s t i n g )  i n  1979. The h o s t  rocks  c o n s i s t  of g r ay  sandy 
s h a l e s  a s s o c i a t e d  w i th  l imes tone  pebble  conglomerate l e n s e s ,  bo th  o v e r l a i n  
and unde r l a in  by sandy redbeds ( see  Blazey, 1971; P e i r c e  and o t h e r s ,  1977).  
The s t r a t a  con t a in  l o c a l l y  abundant carbonized p l a n t  remains.  Uranium and 
copper ca rbona te  m i n e r a l i z a t i o n  a r e  appa ren t l y  l o o s e l y  a s s o c i a t e d  w i th  t h e  
g r a y  s h a l e s ,  c o n t a c t s  between v a r i o u s  beds ,  and o rgan i c  ma t t e r .  

One occur rence  of r a d i o a c t i v e  ox id ized  copper ca rbona tes  and i ron-  
manganese s t a f n i n g  i s  recorded a t  Saucer No. 1 claim,  Coconino County, a t  
t h e  con t ac t  between t h e  Hemnit Sha le  and t h e  Coconino Sandstone. 

Radioact ive ox id ized  copper occur rences  i n  t h e  Permian Kaibab Limestone 
are recorded a t  t h e  fo l lowing  l o c a l i t i e s :  In  Coconino County a t  t h e  A i rpo r t  
mine, Ani ta  copper mine, Barranca de Cobre, Blue Bonnet, Copper No. 1, Pack ra t ,  
Nat iona l ,  Twin Tanks, and unnamed "B" occur rences ,  and a t  t h e  School s e c t i o n  
c la ims  of Mohave County. The Copper No. 1 claims shipped 29 t ons  of o r e  
@ 0.10% U308 and 0.02% V205 i n  l a te  1956 under t h e  name of t h e  Doty Group. 

The Kaibab occur rences  a r e  u s u a l l y  copper ca rbona tes  l i n i n g  f r a c t u r e s ,  
sometimes l o c a l i z e d  a t  c r e s t s  of s m a l l  t i g h t  f o l d s .  I n  t h e  Willaha-Anita 
a r e a  n o r t h  of Williams, some d r i l l i n g  was done i n  t h e  e a r l y  1970s and aga in  
i n  1979-1980 by a t  l e a s t  t h r e e  companies. The contemplat ion of a p o s s i b l e  
r e l a t i o n s h i p  between t h e s e  s u r f a c e  copper-uranium shows and a p o s s i b l e  bu r i ed  
p i p e  s t r u c t u r e  a s  represen ted  by t h e  nearby Orphan Lode, a major copper-uranium 
producer ,  is  probably spark ing  t h i s  i n t e r e s t .  P re l iminary  i n d i c a t i o n s  from 
t h e  Willaha-Anita a r e a  are t h a t  p ipe  s t r u c t u r e s  a r e  p r e sen t .  I f  so ,  then  t h i s  
i n d i c a t e s  tha te lements  of p ipe  format ion  t r a n s g r e s s  upwards a t  l e a s t  t o  t h e  
Kaibab Limestone, an observa t ion  n o t  d i s c e r n a b l e  a t  t h e  Orphan Lode o r  a t  
Hack Canyon because t h e  p i p e s  t h e r e  top-out below t h e  Kaibab. 

Four r a d i o a c t i v e  occur rences  w i th  copper shows a r e  recorded from t h e  
b a s a l  Moenkopi Formation: i n  Coconino County a t  t h e  Clover Leaf mine No. 1 
and  a t  unnamed "c"; and i n  Mohave County a t  t h e  Fredonia No. 1 and L i t t l e  
Three  NO. 1 claims.  

Mine ra l i z a t i on  near  t h e  Sonsela  Sandstone of t h e  P e t r i f i e d  Fo re s t  Member 
of t h e  Chinle  Formation i s  found a t  t h e  Mac No. 3 cla ims and t h e  RuthMine of 
Navajo County. S t r a t i g r a p h i c a l l y ,  t h e s e  grade  downward i n t o  t h e  numerous lower 
P e t r i f i e d  F o r e s t  Member o r e s  around t h e  Cameron-Holbrook d i s t r i c t .  The Ruth 
mine was t h e  l a r g e s t  of t h e  Holbrook a r e a  producers  and i s  c r e d i t e d  w i th  s m a l l  
shipments  i n  1976 and 1978. 



area  
dur in  

The lower Kayenta Formation y i e lded  some uranium o r e  from t h e  Cameron 
(Coconino County) from two p r o p e r t i e s ,  Ward Ter race  and Yellow Jeep 
g t h e  1950s- 

The Navajo Sandstone ( J u r a s s i c ?  o r  T r i a s s i c ? )  c o n t a i n s  three uranium- 
copper occur rences ,  i n  Coconino County a t  t h e  Copper Mine Trading Pos t  and 
a t  White Mesa copper c la ims ,  and i n  Apache County a t  t h e  Bluestone No. 1 
claims. Bluestone produced 53 tons  of o r e  @ 0.22% U308in 1956. 

The Recapture Member of t h e  Morrison Formation i n  t h e  Lukachukai Moun- 
t a i n s  con t a in s  s e v e r a l  anomalies which a r e  noted i n  Chenoweth and Malan (1975).  
These are no t  p l o t t e d  on t h e  Lukachukai d i s t r i c t  map because of l a c k  of l o c a t i o n  
d e t a i l s .  

F i n a l l y ,  t h e  Cretaceous Dakota Sandstone con t a in s  one r a d i o a c t i v e  
anomaly i n  Navajo County a t  t h e  Fred Zahne Nos. 1-5 c la ims  i n  a u r a n i f e r o u s  
l i g n i t i c  c o a l  bed. 



COLORADO PLATEAU MINERALIZATION 

SYNTHESIS 

Many a s p e c t s  of uranium m i n e r a l i z a t i o n  i n  Colorado P l a t eau  sedimentary 
rocks  r eccu r  i n  most h o s t  l i t h o l o g i e s ,  i r r e s p e c t i v e  of age.  These have been 
noted by many prev ious  workers i nc lud ing  Finch,  1953; Stokes ,  1954; Mullens 
and Freeman, 1957, Kerr, 1958; Pe te rson ,  1977; and Galloway, 1979. The im- 
p o r t a n t  themes a r e  r epea t ed  he re :  

a )  A pr imary l i t h o l o g i c  c h a r a c t e r i s t i c  of hos t  rocks  i s  in te rbedded  sand- 
s t o n e s  and mudstones r a t h e r  than  sandstone-dominated u n i t s .  The 
Lukachukai d i s t r i c t  map ( P l a t e  19)  shows t h i s  r e l a t i o n s h i p  ve ry  w e l l .  
Aux i l i a ry  f e l d s p a r  and mica g r a i n s  a r e  f r e q u e n t l y  mentioned. 

b )  Carbonized p l a n t  d e b r i s ,  p r e s e n t  a s  mattes between sandstone-mudstone 
beds o r  disseminated i n  sands tones ,  o r  a s  f o s s i l  wood o r  l o g  fragments ,  
i s  ub iqu i tous  i n  l a r g e r  uranium d e p o s i t s .  

c )  The r e c u r r i n g  paleonenvironmental  themeinvolves  f l u v i a l  (s t ream) systems 
on a l l u v i a l  f a n s ,  o r  d e l t a  d i s t r i b u t a r y  channel  systems ad j acen t  t o  
l a c u s t r i n e  environments.  No major Arizona P l a t eau  sedimentary d e p o s i t  
i s  contained i n  any o t h e r  paleonenvironmental  s e t t i n g .  

d)  P l a t e a u  uranium d e p o s i t s  a r e  geochemica l lysegrega ted  - f o r  unknown r ea sons  
- i n t o  e i t h e r  uranium-copper o r  uranium-vanadium a s s o c i a t i o n s  (Finch,1953).  

e )  Plateau-type s t r u c t u r a l  f e a t u r e s  a r e  o f t e n  noted t o  "accompany" uranium 
d i s t r i c t s  and mention i s  made of g e n e t i c  r e l a t i o n s h i p s  (Kerr, 1958; 
S tokes ,  1954),  t h e  hypothes i s  be ing  t h a t  t h e  s t r u c t u r e s  recognized today 
(monoclines,  u p l i f t s ,  e t c . )  had some movement h i s t o r y  dur ing  sed imenta t ion  
and hence somehow c o n t r o l l e d  f a v o r a b l e  l i t h o l o g i e s  such a s  meander bend 
p o s i t i o n s .  A t  t imes,  though, as i n  t h e  Lukachukai Mountains, t h e s e  e f f e c t s  
may be  ve ry  s u b t l e ,  o r  even nonex i s t en t .  Overa l l ,  t h i s  a s p e c t  of t h e  theme 
of Colorado P l a t eau  uranium d i s t r i b u t i o n  may r e l a t e  t o  t h e  s imple  uncovering 
and e ro s ion  of t h e  s t r a t a  a long f l a n k s  of u p l i f t s  o r  monocline middle  l imbs ,  
making t h e  mine ra l i z ed  s t r a t a  d i scoverab le .  

f )  The geochemically d ive rgen t  m ine ra l  a s s o c i a t i o n s  f o r  t he  P l a t eau  uranium 
d e p o s i t s  i n d i c a t e s  complex, mul t iphase  migra t ion ,  chemical zona t ion ,  and 
f i x i n g  of uranium and r e l a t e d  s p e c i e s  (.see B o t i n e l l y  and Weeks, 1957).  
Paleothermometry measurements (Coleman, 1957) i n d i c a t e  low (55-115°~) 
temperature  of m i n e r a l i z a t i o n .  Bleached zones, l i e s egang  banding, f r a c t u r e  
c o n t r o l  of some v e i n s ,  and mine ra l  zoning a11  i n d i c a t e  post-sedimentat ion,  
d i a g e n e t i c  movement of o r e - r e l a t ed  s o l u t i o n s  a t  somewhat e l eva t ed  tempera- 
t u r e s .  Radiometric d a t i n g  of uranium mine ra l s  and au th igen i c  c l a y s  sugges t  
a Jurass ic-Cretaceous age  f o r  m i n e r a l i z a t i o n ,  a r e s u l t  t h a t  ag ree s  w i t h  
f i e l d  da t a .  

g )  The u l t i m a t e  source  of uranium i s  most probably t h e  Mesozoic a r c  volcanism 
and plutonism along t h e  west  c o a s t  of North America. Malan (1968) sugges t s  
t h a t  t he  p y r o c l a s t i c  components of t h i s  volcanism could be  a primary sou rce  
of Colorado P l a t eau  uranium. Deep-seated hydrothermal emplacement of t h e  
ore-bear ing s o l u t i o n s  ha s  s p a r c e  suppor t i ve  evidence f o r  t h e  P l a t eau  
d e p o s i t s  (see F i n n e l l ,  1957 and Kerr, 1958). An a l t e r n a t e  source  of uranium 



could be Precambrian c r y s t a l l i n e  rocks p re sen t  e i t h e r  i n  t h e  Mogollon h ighlands  
o r  beneath t h e  Colorado P la teau .  S i l v e r  (1976) and S i l v e r  and o t h e r s  (1980) 
suggest  t he  presence of a r e g i o n a l  uranium anomaly i n  Precambrian basement 
rocks cen te red  beneath t h e  p a r t  of t h e  Colorado P l a t eau  t h a t  con ta in s  a l l  t h e  
major producing uranium d i s t r i c t s .  Their  work is  based on uranium concen t r a t i ons  
i n  igneous z i rcons .  



SOUTHERN ARIZONA REGION 

STRATABOUND OCCURRENCES 

Dripping Spring Q u a r t z i t e  

During 1953-1960, a t o t a l  of over  122,000 l b s  of U308 concen t r a t e  
has  been produced from 1 8  mines i n  t h e  Precambrian Dripping Spring Q u a r t z i t e  
i n  G i l a  County, w i t h  an o v e r a l l  average grade  of n e a r l y  0.20% U30Be The 
vanadium conten t  of t h e  o r e s  from two p r o p e r t i e s  amounted t o  6500 l b s  of 

v2°5* 

Uranium w a s  d iscovered i n  t h e  Dripping Spring Q u a r t z i t e  i n  1950 
a t  t h e  Red Bluff p rope r ty  and i n  1953 along Workman Creek. I n  t h e  s p r i n g  
of 1954 t h e  AEC conducted a  three-month low-level a i r b o r n e  gamma r a y  survey 
of t h e  S i e r r a  Ancha a r e a ,  r e s u l t i n g  i n  more t h a n  twenty new d i s c o v e r i e s  
which were subsequent ly  prospected.  I n  J u l y ,  1955, an AEC ore-buying s t a t i o n  
was e s t a b l i s h e d  a t  a r a i l h e a d  a t  Cu t t e r  (near  Globe) p r i m a r i l y  t o  purchase 
S i e r r a  Ancha Dripping Spring Q u a r t z i t e  o r e s .  It c losed  June 30,  1957, when 
t h e  AEC determined t h a t  remaining o r e  volumes were too  smal l  f o r  f u r t h e r  
economic cons ide ra t i on .  Because t h i s  buying s t a t i o n  a l s o  rece ived  o t h e r  
o r e s  from southern  Arizona, i t s  ope ra t i on  e s s e n t i a l l y  c o n t r o l l e d  uranium 
mining i n  t h e  reg ion .  

Ove ra l l ,  uranium produc t ion  i n  Dripping Spring Q u a r t z i t e  o r e s  ha s  been 
d i sappoin t ing .  Cutoff wid th  of o r e  g rade  v e i n s  ha s  o f t e n  been one t o  two 
f e e t .  P a s t  t h a t  wid th ,  d i l u t i o n  of o r e  by low grade  w a l l  rock  was a  s e r i o u s  
problem, e s p e c i a l l y  s i n c e  o r e  s o r t i n g  was d i f f i c u l t  by us ing  ge ige r  coun te r s .  
Ore v e i n s  were q u i t e  l i m i t e d  i n  e x t e n t ,  t y p i c a l l y  measuring 2 f t  t h i c k ,  10  
t o  20 f t  i n  h e i g h t ,  and 100 t o  200 f e e t  i n  l e n g t h .  

Major d i s c u s s i o n s  of Dripping Spring Q u a r t z i t e  uranium occurrences  are 
found i n  W i l l i a m s  (1957), Schwartz (1957), Walker and Osterwald (1963), and 
Granger and Raup 1969(q) and 1969(b).  I n  a d d i t i o n ,  t h e  NURE Mesa quadrangle  
eva lua t i on  r e p o r t  prepared by Bendix, i n  review a s  of February 1981 con t a in s  
an  a p p r a i s a l  of Dripping Spring Q u a r t z i t e  occurrences .  See Granger and Raup 
(1964) and Sh r ide  (1967) f o r  d i s cus s ions  of c e n t r a l  Arizona younger Pre- 
cambrian s t r a t i g r a p h y .  

The Dripping Spring Q u a r t z i t e  i s  a  member of t h e  l a t e  Proterozoic-aged 
Apache Group, which c o n s i s t s  i n  ascending o rde r  of t h e  Pioneer  Shale ,  t h e  
Dripping Spring Qua r t z i t e ,  t h e  Mescal Limestone, and a capping b a s a l t  (F igure  
27) .  The Apache Group sediments were depos i ted  on a  s u r f a c e  c u t  on P r e c m b r i a n  
g r a n i t e s  and metamorphic rocks  t h a t  have age d a t e s  a s  young a s  about 1 ,380 m.y. 
The Apache Group i s  o v e r l a i n  disconformably by the  Troy Quartz ie .  A 1 1  of t h e s e  
sediments  a r e  i n t r u d e d  by massive d iabase-syeni te  s i l l s  t h a t  have age d a t e s  
ranging  from 1,050 t o  1,250 m.y. ( a l l  age d a t a  from Liv ings ton ,  1969).  Apache 
Group rocks a r e  approximate l i t h o l o g i c  equ iva l en t s  of t h e  Unkar Group sediments  
of  t h e  Arizona Grand Canyon reg ion  (descr ibed  by Breed and Roat,  1974) ,  and are 
rough age equ iva l en t s  of t h e  middle Be l t  Carbonate u n i t  of t h e  B e l t  Group s ed i -  
ments of Idaho, Montana, Alber ta ,  and B r i t i s h  Columbia, a s  descr ibed  by Har r i son  
(1972). Curiously,  a s  Har r i son  p o i n t s  o u t ,  anomalously h igh  copper v a l u e s  



a r e  found i n  many of t h e  B e l t  t e r r a i n  rocks ,  and a r e  a t t r i b u t e d  t o  a  
syngene t ic -d iagene t ic  o r i g i n .  S imi l a r l y ,  f a r t h e r  n o r t h  i n  no r the rn  
Saskatchewan, a  moderate-size uranium d e p o s i t  i n  q u a r t z i t e s  of t h e  
Athabasca Formation (+ - 1,250 m.y. age)  a t  McClean Lake is now being 
developed (anonymous, 1980). Here i t  i s  suggested t h a t  t h e  uranium was 
hydrothermal ly  der ived  from t h e  under ly ing  basement complex and pre- 
c i p i t a t e d  i n  a  reducing environment i n  t h e  sands tones  be fo re  t h e i r  
metamorphism t o  q u a r t z i t e s .  

C a r l i s l e  and o t h e r s  (1980) d e s c r i b e  uranium anomalies i n  t h e  lower 
p a r t  of t h e  Kingston Peak Formation of t h e  l a t e  P ro t e rozo i c  Pahrump Groups 
of sou thern  C a l i f o r n i a .  These sediments ,  l i k e  t h e  Apache Group, rest on 
1400 m.y. c r y s t a l l i n e  rocks conta in ing  abundant uranium anomalies (World 
Bea te r  complex). The Kingston Peak Formation i s  o v e r l a i n  unconformably 
by t h e  Noonday Dolomite. C a r l i s l e ,  e t  a l ,  sugges t  d e r i v a t i o n  of uranium 
i n  t h e  sediments from t h e  e rod ing  " i s l ands"  of o l d e r  c r y s t a l l i n e  rocks  
dur ing  Pahrump time. Both q u a r t z  pebble  conglomerates (Witwatersrand model) 
and p e l i t i c  s c h i s t s  con ta in ing  unusual  amounts of p y r i t e ,  cha l copy r i t e ,  
and g r a p h i t e  a r e  anomalously r a d i o a c t i v e .  It cannot  be  dismissed a t  t h i s  
w r i t i n g  t h a t  t h e  Pahrump and Apache Groups were p a r t  of t h e  same sedimentary 
cyc l e ,  and a s  such may s h a r e  in format ion  on o r i g i n  of l a t e  P ro t e rozo i c  
s t ra tabound  uranium i n  t h e  Western United S t a t e s  ( s ee  C a r l i s l e  and o t h e r s ,  
P-41-42 and 45) .  S tud i e s  reviewed i n  t h e  C a r l i s l e  r e f e r ence ,  based upon 
microf loras ,and  geo log ic  r e l a t i o n s h i p s  t o  d i abase  masses of presumed age 
i n d i c a t e  a  p o s s i b l e  p r e  1.1 b . y .  age f o r  p a r t ,  o r  a l l  of t he  Pahrump Group. 

I ~ i c k i n s o n ' s  (1977)  Figure  1 shows  he e x t e n t  of known occurrences  of 
sediments  of t h i s  gene ra l  age i n  North America. See a l s o  a gene ra l  paper  
on t h e  probable  p l a t e  t e c t o n i c  s e t t i n g  of t h e  Apache Group rocks  by Sea r s  
and P r i c e  (1978). F igure  28A from Shr ide  (1967) i s  a north-south c r o s s  
s e c t i o n  through t h e  S i e r r a  Ancha, and sugges t s  a pre-Troy warping and bevel-  
i n g  event ,  and F igure  28B sh0w.s a  post-Troy, pre-Devonian Mar t in  block f a u l t -  
i n g  event  probably a s s o c i a t e d  w i th  t h e  An t l e r  Orogeny of Nevada. This  i s ,  
i n  essence,  t h e  s t r u c t u r a l  s e t t i n g  of t h e  Apache Group rocks  seen  today i n  
t h e  S i e r r a  Ancha, s i m p l i f i e d  a s  F igure  29. F igure  30, a l s o  from Shr ide  (1967),  
shows a l l  t h e  known outc rops  i n  Arizona of Apache Group rocks  and t h e  a s s o c i -  
a t e d  diabase.  Outs ide of t h i s  r eg ion  i n  Arizona t h e  Apache Group rocks were 
appa ren t l y  e i t h e r  no t  depos i ted  o r  removed by e r o s i o n a l  even ts  ranging i n  age  
from l a t e  Precambrian t o  mid-Cenozoic. It i s  thought  from d r i l l h o l e  informa- 
t i o n  t h a t  t h e  Apache Group rocks do n o t  extend f a r  t o  t h e  no r th  o r  e a s t  from 
t h e  S i e r r a  Ancha under t h e  Colorado P l a t eau  Pa leozoic  b l anke t .  (H. P e i r c e ,  
p e r s .  corn..,  1980).  The Apache Group i s  no t  cont inuous w i th  t h e  Grand Canyon 
Unkar Group rocks under t h e  Pa leozoic  cover of t h e  Coconino P l a t eau  because 
of e i t h e r  nondeposi t ion on t h e  T ranscon t inen t a l  Arch o r  ex t ens ive  pre-Paleozoic  
e r o s i o n  along t h i s  same f e a t u r e ,  o r  both.  F igure  29 sugges t s  t h e  southwest  and 
n o r t h e a s t  l i m i t s  of t h e  Apache Group rocks  i n  t h e  S i e r r a  Ancha a r e ,  r e s p e c t i v e l y ,  
e r o s i o n a l  removal i n  t h e  Tonto Basin a r e a  and t h e  b u r i a l  of t h e  s e c t i o n  under  
Pa leozoic  cover e a s t  of t h e  Canyon Creek f a u l t .  



Minor ox id ized  copper mine ra l s  occur  a t  many of t h e  d e p o s i t s ,  though 
no t  i n  mineable q u a n t i t i e s .  See Granger and Raup (1969a, p.80) f o r  a  t a b l e  
l i s t i n g  o r e  and accessory  minera l  occurrences .  Purp le  f l u o r i t e  has  been 
recognized on ly  a t  t h e  Hope 3, S o r r e l  Horse, Big Buck, and Tomato J u i c e  
d e p o s i t s ,  and only i n  smal l  amounts. The f l u o r i t e  c o e x i s t s  w i t h  p y r i t e  i n  
t h i n  v e i n l e t s  i n  t h e  c e n t r a l  p a r t  of t h e  r a d i o a c t i v e  v e i n  zones. 

Two t h e o r i e s  e x i s t  t o  e x p l a i n  t h e  o r i g i n  of t he  uranium. Schwartz 
(1957) and Granger and Raup (1969a) f avo r  t h e  explus ion  of uranium-copper 
f l u i d s  from d i abase  d i f f e r e n t i a t e s  and t h e i r  subsequent i n c o r p o r a t i o n  i n t o  
t h e  f avo rab l e  q u a r t z i t e  hor izons  a long f r a c t u r e  channelways t h a t  formed 
ad j acen t  t o  i n t r u s i v e  masses, They sugges t  t h a t  u n i d e n t i f i e d  s t r u c t u r a l ,  
m ine ra log i ca l ,  o r  chemical p r o p e r t i e s  of t h e  gray  u n i t  made i t  v e r y  f avo rab l e  
a s  a  r e c e i p i e n t  of t h e  uranium m i n e r a l i z a t i o n  (p.97).  They n o t e ,  however, 
t h a t  t h e s e  sediments con t a in  abnormally h igh  carbon, and t h a t  i r o n  s u l f i d e  
con t en t s  could have con t r i bu t ed  t o  a  H2S gas  p a r t i a l  p r e s su re  t h a t  could have 
reduced mobile uranium s p e c i e s  t o  U02. Granger and Raup (1969a, p.102) a l s o  
n o t e  t h a t  a t  t h r e e  d e p o s i t s  (Hope 1, Workman 1, and Red B lu f f )  u r a n i f e r o u s  
v e i n s  appear t o  end ab rup t ly  a t  c o n t a c t s  w i t h  d i abase  d ike s  and s i l l s ,  a s  
though t h e  d i abase  had c u t  t h e  minera l ized  v e i n s .  

Will iams (1957) sugges t s ,  on t h e  o t h e r  hand, t h a t  t h e  d i abase ,  even 
w i th  i t s  a l k a l i c  d i f f e r e n t i a t e s ,  had l e s s  than  one t e n t h  t h e  amount of 
uranium a s  t h e  gray  u n i t  of t h e  Dripping Spring Q u a r t z i t e  o r i g i n a l l y ,  and 
thus  tlne l a t t e r  i s  t h e  more probable  o r i g i n a l  sou rce  of t h e  uranium. He 
subsc r ibe s ,  however, t o  t h e  hydrothermal movement of t h e  uranium i n t o  t h e  
f r a c t u r e s  a t  t h e  t ime of t h e  d i abase  i n t r u s i o n s .  

Granger and Raup (1969a, p,  76) l i s t  a  series of uranium-lead age 
d a t e s  f o r  f i v e  Dripping Spring u r a n i n i t e s .  A s e r i e s  of s i n g l e  uranium-lead 
p a i r  model ages  range most ly  from 900 t o  1 ,300 m.y. wi th  on ly  f o u r  o u t  of 
15 de te rmina t ions  record ing  l e s s  than  900 m.y. I n  a d d i t i o n ,  one lead- lead 
de te rmina t ion  on cogne t i c  ga lena  gave an age of 1,140 m.y. Concordia p l o t s  
of t h e  two i s o t o p i c  systems produced two sets of curves  which i n t e r s e c t e d  a t  
about 1,050 m,y. These numbers may minimally approximate t h e  age of o r e  
format ion i n  view of t h e  f a c t  t h a t  on t h e  whole, t h e  dated Dripping Spring 
uranium mine ra l s  a r e  i n  good r ad iome t r i c  equ i l i b r i um (Granger and Raup, (1969a, 
Figure  43).  These ages  a r e  c o n s i s t e n t  w i th  a l l  known age r e l a t i o n s  of t h e  
Apache Group, and i n d i c a t e  t h a t  t h e  m i n e r a l i z a t i o n  is e i t h e r  syngene t i c  w i th  
Apache Group sed imenta t ion  o r  n o t  app rec i ab ly  younger than  t h e  d i abase  in-  
t r u s i o n .  

It i s  t h i s  a u t h o r ' s  op in ion  t h a t  ~ i l l i a m s '  (1957) sugges t i on  i s  t h e  
more reasonable  one, s i n c e  a )  o t h e r  s imilar-appear ing Dripping Spring Q u a r t z i t e  
u n i t s  a r e  ba r r en  of mine ra l i z a t i on ,  and b) t h e  upper member n e a r l y  ub iqu i tous ly  
con t a in s  anomalous r a d i o a c t i v i t y  i n  s e v e r a l  mountain ranges ,  whether o r  n o t  
d i abase  i n t r u s i o n s  a r e  nearby. S h r i d e ' s  c ross -sec t ion  (Figure  28A) shows a  
g e n t l e  Apache Group-Troy Q u a r t z i t e  angula r  unconformity,  a  h i a t u s  which could 
s e rve  a s  a  t i m e  dur ing  which m i n e r a l i z a t i o n  could have occurred (H.W, P e i r c e ,  
pers .  comm. ,1981).  



Pyrometasomatic hema t i t e - specu l a r i t e  m i n e r a l i z a t i o n  bedded i n t o  t h e  
Mescal Limestone along Canyon Creek was e a r l i e r  thought t o  r e l a t e  g e n e t i c a l l y  
t o  t h e  d iabase  i n t r u s i o n .  More r e c e n t  sugges t ions  by Moore (1968, p.27-29) 
d i scount  t h i s  hypothes i s .  

Example - Red Bluff  Mine 

The Red Bluff c la ims ,  discovered i n  1950, r eco rd  t h e  f i r s t  uranium 
f i n d  i n  t he  Dripping Spring Qua r t z i t e .  The d e p o s i t ,  seen  i n  F igu re  31,  con- 
t a i n s  many c h a r a c t e r i s t i c s  of Dripping Spring occur rences .  The mined d e p o s i t s  
a r e  i n  two main s e p a r a t e  s t r a t i g r a p h i c  zones i n  a  g e n t l y  eastward d ipp ing  
Dripping Spring Q u a r t z i t e  s e c t i o n  on oppos i t e  s i d e s  of ~ 2 0 ' ~ - t r e n d i n g  Warm 
Creek Canyon, i n  t h e  southern-most S i e r r a  Ancha. Warm Creek fo l l ows  a  150 
foo t - th ick  d iabase  d i k e  t h a t  ha s  i n t ruded  a  f a u l t  zone w i t h  about 250 f e e t  
of apparen t  r eve r se ,  e a s t  s i d e  down movement. Mining has  fol lowed t h r e e  
s e p a r a t e  s t r a t i g r a p h i c  zones, above and below t h e  "bar ren  q u a r t z i t e "  a s  seen  
i n  t h e  c r o s s  s e c t i o n ,  and has  a l s o  e x p l o i t e d  a  s e r i e s  of s t r o n g  N70°W minera l ized  
and l i m o n i t e - f i l l e d  f r a c t u r e s  which s t r i k e  a t  r i g h t  ang l e s  t o  t h e  l a r g e  d i abase  
dike.  Within two m i l e s  t o  t h e  sou theas t ,  a s  seen  on t h e  map, a  s e r i e s  of 
l a rge-sca le  shea r  zones w i th  p o s s i b l e  l e f t - l a t e r a l  o f f s e t  a l s o  t r end  N70°w, 
bu t  l a c k  known m i n e r a l i z a t i o n .  

Primary minera l s  a t  t h e  depos i t  i n c l u d e  u r a n i n i t e ,  p y r i t e  c h a l c o p y r i t e ,  
and galena,  a l l  d isseminated i n  t h e  q u a r t z i t e  h o s t  and o f t e n  concent ra ted  
a long bedding p lanes .  Oxidat ion nea r  t h e  p r e s e n t  l and  s u r f a c e  i n  r e c e n t  t imes 
has  produced me ta to rbe rn i t e ,  b a s s e t i t e ,  u r a n o c i r c i t e ,  and u r a n i f e r o u s  h y a l i t e  
a s  f r a c t u r e  coa t i ngs .  These mine ra l s  a l s o  l i n e  bedding p l anes  and a r e  dissemi- 
na ted  i n  leached,  weathered h o s t  rock. Much of t h e  Red Bluff uranium o r e  shows 
i n d i c a t i o n s  of r e c e n t  uranium leach ing ,  and has  chemical uranium conten t  t h a t  
i s  10-60% low when compared t o  r ad iome t r i c  uranium conten t  (Kaiser ,  1951, Table 1 ) .  
As w e l l ,  Granger and Raup (1969a, Table 5), i n d i c a t e  lower U-Pb age d a t e s  a t  
Red Bluff than  any of t h e  o t h e r  Dripping Spring l o c a l i t i e s .  A l l  t h e s e  e f f e c t s  
a r e  probably r e l a t e d  t o  t h e  r a p i d  modern weather ing of t h e  h i l l t o p s  by t h e  
southward f lowing s t reams  i n  t h e  a r e a  around t h e  Red Bluff  Mine. 

Explora t ion  a t  Red Bluff  i s  cont inuing.  D r i l l i n g  and eastward ex t ens ion  
of an  a d i t  i n  t h e  e a s t e r n  mine block by Wyoming Mineral  Corporat ion (Explora t ion  
arm of Westinghouse Corporat ion)  i n  t h e  p a s t  s e v e r a l  yea r s  has  o u t l i n e d  2.5 
m i l l i o n  pounds of low grade  uranium o r e  t h a t  has  undergone some m e t a l l u r g i c a l  
t e s t i n g  (Payd i r t ,  Feb.1977 i s s u e ,  p.64).  Wyoming Minera l s  Corporat ion i s  a l s o  
d r i l l i n g  a s  of l a t e  1980 i n  t h e  Workman Creek a r ea .  

Since 1977, Dripping Spring o r e s  from t h e  o l d  Lucky Boy p rope r ty  of t h e  
Southern P i n a l  Mountains have been mined and heap Leached by P i n a l  Minerals  
Corporation. Seve ra l  shipments of a  b r i n e  concen t r a t e  have been made from 
the  mine. 
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Cretaceous Sandstones 

I n  c o n t r a s t  t o  t h e  r e l a t i v e l y  abundant Mesozoic u r a n i f e r o u s  sands tone  
d e p o s i t s  of t h e  Colorado P l a t eau ,  sou thern  Arizona h a s  a pauc i t y  of such 
occurrences .  Only t h r e e  a r e  noted:  The Dipsy Doodle c la ims  of Cochise 
County; t h e  Duranium 'Mine of Santa  Cruz County, and "unnamed D" occur rence  of 
Pima County. 

A t  t h e  Dipsy Doodle c la ims  e a s t  of Douglas i n  t h e  P e r i l l a  Mountains, 
r a d i o a c t i v i t y  i s  a s s o c i a t e d  w i t h  l imoni te-hemati te  a l t e r a t i o n  zones i n  s h a l e s  
and sands tones  of t h e  Bisbee Group rocks  of Lower Cretaceous age. A t  "unnamed 
D" occurrence on t h e  southwest  f l a n k  of t h e  Whetstone Mountains,  s t ra tabound  
ch rysoco l l a  w i th  v e r y  s l i g h t  r a d i o a c t i v i t y  f i l l s  f n t e r g r a n u l a r  vo id s  i n  a 2-4 
f o o t  t h i c k  sands tone  u n i t  i n  a t h i c k  southward d ipp ing  c l a s t i c  sequence mapped 
as Bisbee Group by Drewes (1980). 

The only known uranium produc t ion  from Mesozoic c l a s t i c  rocks  i n  sou the rn  
Arizona comes from t h e  Duranium Mine on t h e  northwest  f l a n k  of t h e  Santa  R i t a  
Mountains. See F igu re  33 f o r  a ske t ch  geo log ic  map of t h e  a r ea .  Drewes (1971, 
M t .  Wrightson quad geo log i c  map 1-614) maps t h e  h o s t  rock  a s  t he  upper r e d  con- 
glomerate  and t u f f  member of t h e  Upper Cretaceous F o r t  C r i t t enden  Formation, 
and shows t h e  Cretaceous e l a s t i c s  h e r e  as i n  h igh  ang l e  f a u l t  con t ac t  t o  t h e  
s o u t h  and e a s t  w i t h  Pa leozoic  l imes tones .  The e n t i r e  Cretaceous s e c t i o n  l i e s  
benea th  a l a te  Cenozoic pediment s u r f a c e  t h a t  t e rmina t e s  a t  t h e  r e s i s t a n t  
Pa l eozo i c  ou tc rops .  Uranium m i n e r a l i z a t i o n  fo l lows  a N80°w shear  zone t h a t  
c u t s  a c r o s s  bedding i n  a conglomerate-arkosic sandstone-red s h a l e  bedded sequence 
which d i p s  about  35OSW. I n t e n s e  hema t i t e  and minor m a l a c h i t e  fo l l ow  t h e  s h e a r  
zone as wel l .  Two mi l e s  t o  t h e  sou theas t ,  a s e r i e s  of W - t r e n d i n g  q u a r t z  l a t i t e  
d i k e s  (dated a t  67 m.y. by K / A ~ )  a r e  mapped by Drewes (1971). These may r e l a t e  
t o  t h e  Duranium s h e a r  zone i n s o f a r  as t h e i r  s t r i k e  d i r e c t i o n s  co inc ide .  

The most r a d i o a c t i v e  rock  a t  Duranium i s  a v e r y  hard ,  dense a r k o s i c  
sands tone  w i th  vo id  spaces  f i l l e d  w i th  a sh iny  b l ack  minera l .  680 t ons  of o r e  
@ 0.20% U308 was produced i n  1956-57 from a long,  narrow 15 f t  deep dozer  p i t  
o r i e n t e d  along t h e  shea r  zone. Mining stopped when t h e  AEC o r e  buying s t a t i o n  
a t  C u t t e r  (Globe) c losed .  I n d i c a t i o n s  are t h a t  more ore-grade m a t e r i a l  remains 
i n  t h e  a r ea .  R a d i o a c t i v i t y  and minor p rospec t  p i t s  are found on s e v e r a l  knobs 
con t a in ing  t h e  same s t r a t a  up t o  0.5 m i l e s  nor thwest  of t h e  main p i t ,  approxi- 
ma te ly  a long s t r i k e  of t h e  u n i t s  exposed i n  t h e  p i t .  Hence, t h e r e  are i n d i c a t i o n s  
of a n  under ly ing  s t r a t i g r a p h i c  c o n t r o l  of m i n e r a l i z a t i o n  i n  t h e  a r e a ,  r a t h e r  
t h a n  an exc lu s ive  s t r u c t u r a l  con t ro l .  
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Cenozoic Sediments 

The Basin and Range portion of Arizona contains many stratfgraphically 
confined uranium anomalies in fine-grarned flrrv2a1, paludal, and lacustrine 
rocks, of Cenozoic age, among them being the publicrzed Anderson 'Mine in the 
Date Creek Basin. This area contains estimated reserves of at least 30 
million pounds of U3Q8. In Arizona, some of these sedimentary occurrences 
are described in detail by Scarborough and Wilt (-1979). Interesting analogs 
in California are discussed by Leedom and Kiloh (-1978) and a report by Lucius 
Pitkin, Inc. (1980), and in Texas and Chihuahua, by Galloway and Kaiser (1980). 
Preliminary work on calcrete-gypcrete uranium deposits in the Southwest are 
compiled in Carlisle (1978). 

Southern Arizona uranium occurrences of this category are found in 
sediments of Oligocene, Miocene, and Pliocene ages. Many of these rocks are 
coeval with a variety of volcanic rocks which cmonly range in composition 
from high-potassic andesites through rhyolites, and occasional "ultra-potassic" 
trachytes (Shafiquallah, et al, 1976), yet, the fine-grained sediments contain 
many more radioactive anomalies than do the volcanics. In general, these de- 
posits are assumed to have formed in paleo basins of restricted depth and lateral 
extent. Some of the larger basins were undoubtedly tectonically created, while 
many of the thinner sedimentary deposits found in volcanic terrains probably 
were created by volcanic damming effects as volcanism proceeded. 

Lithologies in southern Arizona favorable for uranium mineralization in- 
clude fetid, thin-bedded limestones that often contain chert pods or stringers; 
shale-mudstone lithologies with white, gray, or yellow-green colors; white marl- 
stones (intimate mixtures of clays and finely divided calcium carbonate), thin- 
bedded aphanitic dolomites that sometimes contain plant root casts filled with 
chert; and dark gray-to-black carbonaceous mudstones or sublignites. In the ab- 
sence of structural control, coarser-grained lithologies such as sandstones or 
conglomerates do not contain anomalies, nor do redbed lithologies. Examples of 
anomalies in redbeds with structural control are at the Cottonwood claim and 
Horseshoe Dam (Maricopa County), and the Rayvern and Ten Dee's claims (Yuma County). 

Table 1, below, lists typical lithologies in southern Arizona which have 
radiometric or uranium shows, Along with examples illustrating the lithologies: 

TABLE 1. Examples of Uranium Occurrences in Cenozoic Sediments 

Radioactive Lithology Example Cs) 

Masterson Claims, Mohave Co. 
Limestone, sometimes fetid, Cave Creek Area, Maricopa Co. 
sometimes cherty Dutchess Claim, Pima Co. 

Center Chance Claims, Pima Co. 
Catherine and Michael, Mohave Co. 

Aphanitic dolomite, light Los Cuatros Claim, Maricopa Co. 
colored 

Light-colored mudstone 
Teran Basin, Cochise Co. 
North Chance Claim, Pima Co. 
Muggins Mtns. Area, Yuma Co. 
Dab; Wharton; Sunset; Mohave Co. 

White massive marlstones Xmas; Half Moon Claims, Pima Co. 
Cottonwood Area, Verde Valley, 
Yavapai Co. 

Dark carbonaceous mudstones Giger Claims, Gila Co. 
to sublignites Anderson Mine, Yavapai Co. 



S t r a t i g r a p h i c  s e c t i o n s  conta in ing  Oligocene-Miocene l aye red  rocks  
a r e  o f t e n  found t i l t e d  i n  a r a t h e r  uniform d i r e c t i o n  and amount over  l a r g e  
r eg ions  w i t h i n  t h e  Basin and Range country of t h e  C o r d i l l e r a .  Stewart  
(1980) sugges t s  a c e r t a i n  e longa t e  r e g i o n a l i t y  t o  t h e s e  "domains" of t i l t e d  
rocks ,  though t h e  u l t i m a t e  reason  f o r  t h e i r  e x i s t a n c e  i s  unknown a t  t h i s  
time. Many of t h e  Southern Arizona uranium occur rences  i n  Oligocene-Miocene 
s t r a t a  o r  f a u l t  zones a r e  i n  t e r r a i n s  a f f e c t e d  by t h i s  phenomenon. Examples 
i nc lude  many of t h e  occur rences  i n  t h e  Muggins Mountains, and t h e  Rayvern 
cla ims,  Plomosa Mountains of Yuma County, t h e  Anderson Mine a r e a  of Yavapai 
County, t h e  Horseshoe Dam s i tes  of Maricopa County, Ca ther ine  and Michaels 
c la im i n  Mohave County, and t h e  Chance Group cla ims of Pima County w i t h  
r e l a t e d  Teran Basin d e p o s i t s  of Cochise County, t o  mention a few. Evidence 
i s  ga the r ing  t h a t  some of t h i s  t i l t i n g  i s  due t o  NW-SE d i r e c t e d  c u r v i p l a n a r  
f a u l t  systems ( " l i s t r i c "  f a u l t s )  which cause  a n t i t h e t i c  r o t a t i o n  of upper 
p l a t e  rocks ( t hose  above a master  b a s a l  f l a t  f a u l t  of unknown e x t e n t )  t o  
produce d ip s  toward t h e  l i s t r i c  f a u l t ,  a s  f a u l t i n g  proceeds.  The r e s u l t ,  
w e l l  d i sp layed  i n  t h e  c r o s s  s e c t i o n  nea r  t h e  Anderson Mine (F igure  36 ) ,  i s  
t h a t  t h e  same s t r a t i g r a p h i c  s e c t i o n  may be r epea t ed  t i m e  and t i m e  a g a i n  a t  
t he  s u r f a c e , a d  hence, t h e  observed t i l t e d  s e c t i o n  appears  much t h i c k e r  t han  
i t  r e a l l y  is .  

The fo l lowing  examples a r e  uranium occur rences  i n  Cenozoic sedimentary 
rocks i n  Southern Arizona of t h r e e  d i f f e r e n t  ages .  It i s  suggested i n  
Scarborough and W i l t  (1979) t h a t  t h e r e  appears  t o  be a c e r t a i n  r e g i o n a l i t y  
t o  t h e  ages of Cenozoic sedimentary uranium occur rences  i n  Southern Arizona, 
based upon t h e  p r o p o s i t i o n  t h a t  only a t  c e r t a i n  t imes  were t h e r e  f l u v i a l -  
l a c u s t r i n e  environments of any e x t e n t  t h a t  favored  uranium depos i t i on .  These 
t imes,  from which t h e  examples were drawn, were dur ing  t h e  l a t e  Miocene- 
P l iocene  (6-2 m i l l i o n  y e a r s  B.P.), dur ing  t h e  middle  of t h e  f i r s t  h a l f  of 
the  Miocene (20-15 m.y.) ,  and during t h e  middle  p a r t  of t h e  Oligocene (30-25 
m y .  ). 

I n  a l l  t h r e e  pe r iods  t h e r e  w e r e  r eg ions  where f l u v i a l ,  d e l t a i c  and 
l a c u s t r i n e  f a c i e s  were i n  c l o s e  proximity,  and where numerous uranium occur- 
rences  a r e  now recorded.  The examples a r e  given i n  o r d e r  of i n c r e a s i n g  age ,  
i n  p a r a l l e l  w i th  t h e  age l i s t i n g s  above. The Anderson Mine s t r a t a  a r e  rough 
age equ iva l en t s  of t h e  r a d i o a c t i v e  dolomites  around New River and Cave Creek 
(Los Cuatros l o c a l i t y ) .  

EXAMPLES : 

Pl iocene  Rocks nea r  Sa f fo rd ,  Graham County 

Figure  34 i s  a g e n e r a l  map view of t h e  n o r t h e r n  Whitlock H i l l s ,  about  
1 7  m i l e s  sou theas t  of Sa f fo rd ,  i n  Graham County. In t h i s  a r e a  a s e c t i o n  of 
q u i e t  wate r ,  l a c u s t r i n e  and pa luda l  f ine-gra ined  sediments of P l i ocene  age 
has been depos i ted  a g a i n s t  a mass of Oligocene vo l can i c s .  F igure  35 ( top)  
i s  a genera l ized  south-looking c ro s s  s e c t i o n  showing gene ra l  l i t h o l o g i e s  and 
r a d i o a c t i v e  beds a t  t h e  White B lu f f s  c la ims .  The anomalous zones a r e  i n  ( a )  
the  c h e r t s  of a mixed t a b u l a r  green c h e r t  and gray-green mudstone zone, and 
(b)  t h e  b a s a l  2 f e e t  of an  over ly ing  20 f t  t h i c k  d i a tomi t e  zone. Nearby 



masses of green che r t  incorporated i n t o  t h e  d ia tomi te  a r e  no t  anomalous. 
Figure 35 (bottom) i s  a nearby south-looking view of t h e  same s t r a t i g r a p h y ,  
folded nea r ly  i s o c l i n a l l y ,  and d isp laying  t h e  h ighes t  r a d i o a c t i v e  readings  
a t  the  c r e s t s  of a n t i c l i n e s  (see t h e  Morale claim, Hopi But tes ,  Navajo 
County f o r  an i n t e r e s t i n g  analog) .  Other claims i n  t h i s  a r e a  a r e  s taked  on 
s imi l a r  l i t h o l o g i e s .  A t  t h e  F l a t  T i r e  claims (Figure 34) diatomaceous mud- 
s tones  and a nearby t h i n ,  brown, f e t i d  l imestone containing b iva lve  f o s s i l  
forms a r e  anomalous. Most mudstones and c h e r t s  t h a t  have been analyzed f o r  
organic carbon i n  t h e  White Bluffs-Flat  T i r e  a r e a  contained 0.08-0.30% C 
(NURE da ta ) .  

The exposed Pl iocene s e c t i o n  i n  t h e  a r e a  measures about 100-150 f t  
t h i c k  and conta ins  a t  l e a s t  t h r e e  t h i n  v i t r i c  a i r f a l l  ash  beds of r h y o l i t i c  
composition which have K / A r  age da te s  of about 3 m.y. and l a r g e  mammal paleon- 
t o l o g i c  ages of Blancan (5-2 m.y.) age. (Scarborough, 1974; E. Lindsay, 
pers.comm., Jan. 1981). The ash  beds a r e  undev i t r i f i ed  i n  p laces ,  bu t  
a l t e r e d  t o  c l ay -zeo l i t e  assemblages i n  o the r s .  They appear not  voluminous 
enough o r  a l t e r e d  enough t o  account f o r  t h e  amount of uranium i n  t h e  a rea .  

Other r ad ioac t ive  occurrences i n  Pl iocene-Pleis tocene f ine-grained 
sediments a r e  noted i n  the  San Pedro Valley e a s t  of Tucson a t  t h e  Xmas and 
Half Moon claims (Pima County), i n  marly sediments around Cottonwood, Verde 
Valley, and i n  nor thern  Mohave County a t  t h e  Dreamer, Wharton, Dab, and 
Sunset claims. A l l  of these  appear t o  be  l o c a l ,  low tonnage and grade con- 
c e n t r a t i o n s  of oxidized uranium minerals .  Similar  mudstone-diatomite-green 
c h e r t  assemblages near  t h e  Gi la  River around Duncan, Greenlee County, conta in  
s l i g h t  anomalies (A. OINei l l ,pers .  corn. Jan.1981), but  a r e  no t  p l o t t e d  f o r  

. t h i s  repor t .  
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Miocene Rocks i n  t h e  Date Creek Basin,  Yavapai County 

The l a r g e s t  known uranium r e s e r v e s  and r e sou rce s  i n  Arizona a t  t h i s  
w r i t i n g  a r e  i n  t h e  Date Creek Basin of Western Yavapai County. Reserves 
of a t  l e a s t  30 m i l l i o n  pounds of U308 and r e sou rce s  of probably a t  least  
twice t h a t  amount have been p ro j ec t ed  f o r  t h a t  p a r t  of t h e  b a s i n  i n  t h e  
gene ra l  a r e a  of t h e  Anderson Mine. Current  r e sou rce  e s t i m a t e s  i n d i c a t e  
minable uranium o r e  w i th  cu to f f  g rade  of 0.02% U308 u t i l i z i n g  an  average  
grade of 0.05% U308 and average t h i cknes s  of o r e  zones of about  20 f e e t .  
Uranium d i s t r i b u t i o n  i n  t h e s e  r e se rves  i s  such t h a t  average grade  i n c r e a s e s  
t o  0.12% i f  average mined-thickness dec rea se s  t o  6 f e e t ,  b u t  t o t a l  tonnage 
drops t o  48% of t h e  above amount (Sherborne e t  a l ,  1979). 

Our unders tanding of t h e  Cenozoic geology of t h e  b a s i n  h a s  been much 
improved by r e c e n t  ongoing s t u d i e s  by t h e  NURE program and t h e  USGS, bu t  
unders tanding of t h e  r e a l  e x t e n t  and s t y l e  of Miocene r e g i o n a l  t e c t o n i c s  
which has  served t o  complicate  t h e  d i s t r i b u t i o n  of rocks i n  t h e  r eg ion  has  
ye t  t o  be  r e a l i z e d .  

The geology and uranium d e p o s i t s  of t h e  Date Creek Basin a r e  d i s cus sed  
by Otton (1977a and b )  and Sherborne and o t h e r s  (1979). An e a r l i e r  account 
of manganese m i n e r a l i z a t i o n  i n  'Miocene sediments  i n  t h e  a r e a  w a s  g iven  by 
Lasky and Webber ( 1 9 4 9 ) .  See a l s o  a summary a r t i c l e  i n  Engineer ing and 
Mining Jou rna l  f o r  January,  1978, 

The u ran i f e rous  sediments a t  t h e  Anderson Mine a r e  contained i n  a 
s e c t i o n  of t u f f aceous ,  l o c a l l y  carbonaceous p a l u d a l - l a c u s t r i n e  mudstones, 
ca lcareous  mudstones, sandstones ,  and s i l t s t o n e s  w i th  some s i l i c a  ( c h e r t )  
a s  pods, s t r i n g e r s ,  and p l a n t  r o o t  replacements .  Two zones of u r a n i f e r o u s  
sediments a r e  known i n  t h e  Anderson Mine a r e a ,  t h e  upper one be ing  t h e  
focus of mining a c t i v i t y  dur ing  1955-54 when 10,7Q0 tons  of o r e  assay ing  
0.15% U308 and a t  l e a s t  0.05% V205  were removed. See F igu re  37 f o r  a c r o s s  
s e c t i o n  of t h e  a r ea .  

The Cenozoic s e c t i o n  i n  t h e  Anderson Mine r eg ion  was depos i t ed  on a 
s u r f a c e  c u t  i n t o  a g n e i s s i c  and g r a n i t i c  t e r r a i n  of most ly  Precambrian age.  
The Cenozoic rocks c o n s i s t ,  i n  ascending o rde r  (See Figure  36 and 37 ) ,  of 
an o l d e r  sedimentary s e c t i o n  which con t a in s  Eocene p l a n t  remains (J. Otton, 
pers .  c o w . ,  1980);  a v o l c a n i c  s e c t i o n  c a l l e d  t h e  A r r a s t r a  v o l c a n i c s ,  com- 
posed of s i l i c i c  t o  i n t e rmed ia t e  rock types  w i th  ages  of roughly 25-20 m.y.; 
the  u r an i f e rous  quiet-water  Anderson Mine rocks and some over ly ing  sandy 
beds,  both probable  equ iva l en t s  t o  t h e  e a r l y  t o  middle Miocene-aged Chapin 
Wash Formation exposed f a r t h e r  west ;  an  over ly ing  1 3  m.y. o ld  a l k a l i  o l i v e n e  
b a s a l t  flow; and two sedimentary u n i t s  of l a t e  Miocene through Pl iocene-  
P l e i s t ocene  age.  Hence t h e  u r an i f e rous  rocks  a r e  roughly 20-13 m.y. of age.  

A l l  t h e  above rocks up through t h e  u r a n i f e r o u s  Chapin Wash equ iva l en t s  
a r e  repea ted  a number of t i m e s  a long a s e r i e s  of dominant NW-trending f a u l t s ,  
movement a long which has  served t o  impart  moderate SW d i p s  t o  t h e s e  s t r a t a .  



The u n i t s  above t h e  13  m.y. o ld  b a s a l t  flow a r e  e s s e n t i a l l y  undeformed 
(see  Figure 36) .  The u ran i f  erous horlzons a t  t h e  Anderson Mine conta in  
these  SW dips  and a r e  l a s t  seen a t  the  su r face  d i p p h g  i n t o  t h e  main 
mass of t he  present-day Date Creek Valley.  A s  seen i n  Sherborne and 
o the r s  (19791, t h e  present  uranium rese rves  a r e  known only by d r i l l  ho le s  
t h a t  i n t e r c e p t  t h e  o r e  horizons a t  increas ing  depths t o  t h e  southwest. 
DOE-sponsored deep s t r a t i g r a p h i c  t e s t  d r i l l i n g  i n  t h e  main p a r t  of the  
Date Creek Valley has encountered uranium shows a t  depth t h a t  a r e  lncluded 
wi th in  sedimentary packages bel ieved t o  be  equiva lent  i n  age t o  the  Mio- 
cene A r t i l l e r y  Peak and Chapin Wash Formations of t h e  A r t i l l e r y  Peak a r e a  
(see DOE r e p o r t  GJBX--86(80) f o r  d r i l l  ho le  loca t ions  and logs ) .  

~t is important t o  r e a l i z e  our l ack  of understanding of t h e  o r i g i n a l  
geographic ex ten t  of sedimentary f a c i e s  conductve t o  uranium l o c a l i z a t i o n .  
We understand approximate l i m i t s  of preserved p o t e n t i a l  urani ferous  s t r a t a  
where they occur i n  outcrop. But t o  envis ion  boundaries of or2gina l  de- 
p o s i t i o n  f o r  t h e  favorable  rocks of Anderson Nine type a s  befng l imi t ed  t o  
t h e  present  confines of t h e  Date Creek Basin does not  seem j u s t i f i a b l e .  
Thie i s  because the geologic event t h a t  produced t h e  a rches  of g n e i s s i c  
rock now present  i n  t h e  Harcuvar-Buckskin Ranges (.present southern boundary 
of Date Creek Valley) appears by new reg iona l  geochronologic information 
t o  have postdated t h e  depos i t ion  of t h e  Anderson Mine beds. Hence, sub- 
su r face  explora t ion  should not  be  confined t o  t h e  present  Date Creek Valley. 
For d iscuss ion  of t h e  complexi t ies  of t hese  Arizona "metamorphic core com- 
plexes", s e e  Rehrig and Reynolds (1977), Davis and Coney (1979), Reynolds 
(1980), and Cri t tenden and o t h e r s  (1980). 

Otton (1977b) and Sherborne e t  a 1  (1979) both recognize two kinds of 
o re ,  o r  near  ore-grade uranium mine ra l i za t ion ,  i n t h e  Anderson Mine area .  
The f i r s t  i s  i n  carbonaceous s i l t s t o n e s  and mudstones with minor s i l i c i f i -  
ca t ion ,  and t h e  second i s  i n  h ighly  s i l i c i f i e d ,  oxidized tuffaceous (?)  
s i l t s t o n e s  wi th  abundant megascopic p l a n t  deb r i s .  Uranium i n  the  carbona- 

- ceous o res  occurs  a s  a urano-s i l ica  complex, c lose  t o  c o f f i n i t e  i n  composi- 
t i o n ,  e i t h e r  i n  microvein le ts  o r  t o t a l l y  disseminated (.with homogeneous 
audoradiographs) i n  organic-rich s i l t s t o n e  Cotton, 1977b). I n  t h e  oxidized,  
near  su r face  regime, uranium occurs a s  very f ine- tex tured  c a r n o t i t e  wi th  
hemati te  i n  j a spe r  pods, o r  as urani ferous  s i l i c a  i n  massive jasper ,  o r  i n  
small  s i l i c a  ve ins .  I n  l e s s  s i l i c i f i e d  o r e  i t  occurs  a s  c a r n o t i t e  cement. 
Hence, some uranium spec ie s  were f ixed  contemporaneously wi th  a s i l i c i f i -  
ca t ion  episode, which appears t o  be  a t  l e a s t  i n  p a r t  subsequent t o  t h e  
o r i g i n a l  presence of t h e  uranium i n  the  carbonaceous o res .  

The urani ferous  sec t ion  a t  t h e  Anderson Mine a rea  i s  genera l ly  enriched 
i n  U ,  Li ,  B, Cu, F, V ,  Mo, and N i .  The carbonaceous o res  genera l ly  a r e  en- 
r iched  i n  U ,  Ag, A s ,  B ,  Cu, Ga, Ge, T i ,  and Mo. Some of these  enrichments 
a r e  s i m i l a r  t o  examples on t h e  Colorado Pla teau ,  where Cu, U ,  o r  U-V minera l i -  
za t ion  occurs wi th  Ag-Mo-Ni accessory minerals .  



Severa l  p o s s i b i l i t i e s  e x i s t  f o r  t h e  sources  of Date Creek Basin 
uranium: (1) t h e  anomalously u r a n i f e r o u s  Precambrian g r a n i t i c  t e r r a i n  
ad j acen t  t o  t h e  Miocene depocenter  i n  t h e  A r t i l l e r y  Peak r eg ion  (Otton, 
1977a),  and which was presumably exposed and e rod ing  dur ing  t h e  Miocene, 
( 2 )  ex t ens ive  leach ing  of t h e  a s s o c i a t e d  Miocene a l k a l i c  v o l c a n i c  f lows ,  
t u f f s ,  and a s h  beds - some of t h e  coeva l  h igh-potass ic  v o l c a n i c  rocks  i n  
t he  r eg ion  con t a in  10-20 ppm by weight  of uranium; and (-3)  a more remote 
p o s s i b i l i t y  might be  t h e  leach ing  of a l k a l i c  J u r a s s i c  v o l c a n i c  rocks  t h a t  
form a WNW-ESE swath through extreme south-cen t ra l  Arizona. Rocks of t h i s  
a f f i n i t y  con t a in  uranium occurrences  i n  Santa  Cruz County, and extend an 
unknown d i s t a n c e  northwest  towards t h e  Blythe-Parker reg ion .  P o s s i b i l i t y  
( 2 )  appears  most popular  a t  t h i s  t i m e ,  a l though the s p a r c i t y  of anomalies 
i n  Cenozoic v o l c a n i c  rocks i s  noted i n  t h e  s e c t i o n  on Cenozoic v o l c a n i c s .  

See d i s cus s ion  i n  t h e  next  s e c t l o n  concerning p o s s i b l e  temporal  ana logs  
of t h e  Date Creek Basin u r an i f e rous  d e p o s i t s .  



Explanation f o r  Anderson Mine gene ra l  geology, F i g u r e  36 

@ @at ernary  sediments 

Tb Miocene b a s a l t s ,  exac t  age unce r t a in  

T ~ Y  9-10 m.y. old undefomed b a s a l t  flows 

Tcb 13 m.y, o l d  Cobweb b a s a l t ,  f a u l t e d  and g e n t l y  fo lded  

TSY Miocene sediments,  con ta in ing  13 m.y, o l d  Cobweb basalt 

Ta Miocene Anderson Mine Ekn. ,  and, t o  t h e  west ,  A r t i l l e r y  
and Chapin Wash Fh.ls. 

Tva . equiva lent  age  vo lcan ic s  

Tv Oligocene Arrastra vo lcan ic s  of  Sherborne, et a l ,  (1979) 

Ts b a s a l  T e r t i a r y  arkoses and t u f f s  

Pzs metasediments involved i n  low-angle Miocene d i s l o c a t i o n .  

mgn Mylonit ic  gne i s ses  

P%n Precambrian g n e i s s i c  rocks  

f i g  Precambrian g r a n i t e  

---- curv ip lana r ,  or l is tr ic F a u l t s ,  d o t  on hanging wall 

low-angle f a u l t s  ad jacent  t o  hlTgn masses, m e n e n t  i n  
mid-Miocene t ime,  barbs on upper p l a t e .  

NW t r end ing ,  SW vergent  t h r u s t  f a u l t s ,  mid-Miocene age,  
barbs  on hanging wall. 

dme developed i n  MTgn i n  Miocene t ime,  c h a r a c t e r i s t i c  o f  
t h e  "metamorphic co re  canplexes.  " 



e a s t - w e s t  c r o s s  s e c t i o n  

m o d i f i e d  f r o m  S h o r b o r n e ,  a t .  a l .  (1979 )  
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8 b a s a l t  and agglomerate (ba sa l t  i s  13 m y .  o l d )  

7 F l a t  Top format ion  - 
6 upper t u f f  and carbona te  u n i t  

P 
E 5 upper carbonaceous u n i t  
k 

' 4 i n t e rmed ia t e  c l a s t i c  u n i t  

3 lower carbonaceous u n i t  
- -- 

2 lower Anderson mine member 

1 Oligocene A r r a s t r a  v o l c a n i c s  (about 22-26 m.y.) 

F igure  37. Southwest-northeast  t r end ing  c ross -sec t  ion  of uranium- 
bear ing  i n t e r v a l  i n  t h e  Anderson Mine a r e a ,  from Sherborne and 
o t h e r s ,  1979 .  



Miocene Dolomite - New River Area, Maricopa County 

A volcanic-sedimentary s e c t i o n  of early-middle M2ocene age i n  t h e  New 
River Area of Maricopa County Is dep i c t ed  tn Figu re  38. It was prospec ted  
i n  t h e  1950 's  a s  t h e  Los Cuatros c la ims ,  and has  rece ived  renewed e x p l o r a t i o n  
i n t e r e s t  w i th  some d r i l l i n g  i n  t h e  l a t e  1970 's .  The s e c t i o n  i s  exposed be- 
nea th  l a t e  Cenozoic t e r r a c e  d e p o s i t s  i n  a  v a l l e y  f l o o r ,  aad i s  i n  high ang l e  
f a u l t  con t ac t  w i th  Precambrian g r a n i t e s  and s c h i s t  around the pe r ime te r  of 
t h e  v a l l e y .  

One p a r t  of t h e  Cenozoic s e c t i o n  c o n s i s t s  of i n t e r l a y e r e d  one-to-two f o o t  
t h i c k  l i gh t - co lo red  a p h a n i t i c  dolomite  beds and buff-colored laminar  bedded 
mudstones. Unconventionally,  t h e  do lomi tes  a r e  r a d i o a c t i v e  and a s say  0.02 t o  
0.08% U308. The uranium, upon autoradiography and X-ray d i f f r a c t i o n  a n a l y s i s ,  
i s  randomly d i f f u s e d  throughout t h e  massive dolomite ,  and i s  l a c k i n g  any s i g n  
of concen t r a t i on  i n  t h e  mudstones o r  s p a r c e  t h i n  interbedded d i s t a l  a i r - f a l l  
t u f f s  t h a t  a r e  s t i l l  v i t r i c  i n  p l a c e s ,  a l t e r e d  i n  o t h e r s .  A t  t h e  Los Cuatros  
l o c a l i t y ,  cons ide rab l e  tonnage of low-grade o r e  (about 0.03-0.06% U308) i s  
suggested by t h e  geology of F igure  38. 

I n t e r e s t i n g l y ,  s t r a t a  of s i m i l a r  age i n  o t h e r  a r e a s  nearby (Cave Creek 
a r e a  and R i f l e  Range Sec t i on  occur rences  i n  Maricopa County l i s t i n g ;  and i n  
New River Mountains i n  c l i f f s  on w e s t  s i d e  of Cave Creek),  a l s o  con t a in  ve ry  
s imi la r -appear ing  do lomi t i c  rocks.  The dolomi tes  a r e  known t o  b e  r a d i o a c t i v e  
i n  t h e  f i r s t  two occur rences  l i s t e d .  Hence, an o r i g i n a l l y  e x t e n s i v e  a r e a l  
d i s t r i b u t i o n  of t h e s e  s t r a t a  appears  l i k e l y .  Subsequent t o  Basin and Range 
f a u l t i n g ,  they a r e  now found bo th  i n  range  b locks  and downdropped v a l l e y  b locks  
i n  t h e  region.  Their  subsur face  d i s t r i b u t i o n  i s  no t  known. Age c o n s t r a i n t s  
on t h e s e  rocks a s  r epo r t ed  by K / A r  d a t i n g  r e s u l t s  r epo r t ed  i n  Scarborough and 
W i l t  ( 1979 ) ;  a r e  roughly 17-13 m.y. This  t i m e  range corresponds t o  about t h e  
l a s t  ha l f  of t h e  massive mid-Tert iary v o l c a n i c  p u l s e  (Cord i l l e r an  " ig imbr i t e  
f l a r e  up" of Coney, re fe renced  i n  Coney and Reynolds (1977), and descr ibed  i n  
Eberly and S tan ley  (1978). These middle  Miocene ages  a r e  s i m i l a r  t o  t h e  ages  
of t h e  u r an i f e rous  u n i t s  of t h e  Date Creek Basin,  which probably range roughly 
from 20 t o  13  m.y. (Otton, 1977b; Scarborough and W i l t ,  1979).  Hence, from 
geochronologic in format ion  now a v a i l a b l e ,  i t  appears  t h a t  t h i s  t ime dur ing  
which t h e  massive mid-Tert iary v o l c a n i c  p u l s e  of t h e  southwestern United S t a t e s  
was s lowly s h u t t i n g  down, was a l s o  a  t ime of mob i l i t y  and f i x a t i o n  of uranium 
i n  sedimentary sumps i n  t h e  c e n t r a l  and wes t -cen t ra l  p o r t i o n s  of Arizona. 
The fundamental ques t i on  of t he  u l t i m a t e  source  of uranium and t h e  r o l e  played 
by t h e  massive mid-Cenozoic vo l can i c  event  i n  uranium m i n e r a l i z a t i o n  remains 
unanswered. P o s i t i v e  evidence w i l l  come a s  more Cenozoic v o l c a n i c  rocks  i n  
app rop r i a t e  r eg ions  a r e  checked f o r  uranium d e p l e t i o n  r e l a t i v e  t o  thorium, t o  
s e e  i f  t he se  rocks  a r e  indeed uranium dep l e t ed .  D i s t a l  a i r - f a l l  t u f f s ,  when 
mixed i n t o  v o l c a n o c l a s t i c  sediments ,  may c o n t r i b u t e  app rec i ab l e  uranium t o  t h e  
environment whi le  l o s i n g  much of t h e i r  i d e n t i f i a b l e  c h a r a c t e r ,  making them a 
"hidden source" . 



Upper (?) sequence of interbedded aphanitic dolanites and buff 
colored mdstones, folded i n t o  a shallow eastward-dipping 
syncline, and intruded by 13 m.y. old basalt  dikes. Dolanites 
assay 0.02-0.m U308 and wun t  to 25 times b a c w d .  

O l d e r  (?) mid-Miocene sequence of basalt flows, proximal air- 
f a l l  tuffs ,  vitrophyres, and minor interbedded clastic 

prox ima l  t u f f s  sediments. 
b a s a l t  f l o w s  

L o o k  d u e  W e s t  

t 4 miles  -----+ 
b a s a l t  

young sed iments  



Mineta Formation - Rincon Mountains 

The Mineta Formation i s  an Oligocene-aged sequence of mixed e l a s t i c s  
and t h i n  bedded l imes tones ,  1 ,000 t o  2,000 f e e t  t h i c k ,  and is  contained 
i n  a NW-SE e longa t e ,  fault-bounded b lock  on t h e  NE f l a n k  of t h e  Rincon 
Mountains, Pima and Cochise Counties.  The s e c t i o n  i s  w e l l  exposed, and 
d i p s  homocl inal ly  15-4@to t h e  n o r t h e a s t .  F igu re  42 i d e a l i z e s  t h e  g e n e r a l  
geology and shows t h e  gene ra l  Mineta Formation s t r a t i g r a p h y  a s  env is ioned  by 
Clay (1970) and Thorman and o t h e r s  (1978). The t e c t o n i c  event  t h a t  t i l t e d  
t he  Mineta s e c t i o n  occurred l a r g e l y  be fo re  t h e  e x t r u s i o n  of an  a n d e s i t e  mass, 
da ted  a t  27 m.y. (~haf2qullah and o t h e r s ,  1978) ,  t h a t  unconformably over- 
l i e s  t h e  t i l t e d  beds. 

The Mineta Formation c o n s i s t s  of lower conglomerates con t a in ing  s h a l e  
l e n s e s ,  middle var i -co lored  laminar-bedded s h a l e s  and thin-bedded f o s s i l i f -  
e rous  f e t i d  l imes tones ,  and upper gyps i f e rous  mudstones. Numerous rad io-  
a c t i v e  anomalies occur over  a s t r i k e  l e n g t h  of f i v e  m i l e s ,  i n  t h e  fo l lowing  
l i t h o l o g i e s :  (1) i n  white-to-gray t h i n  s h a l e  l e n s e s  w i t h i n  t h e  b a s a l  g r ay  
and red  co lored  conglomerates,  a t  t h e  North Chance c la ims;  and ( 2 )  i n  v a r i o u s  
l i gh t - co lo red  s h a l e s  o r  i n  f e t i d  l imes tone  beds of t h e  middle  u n i t ,  a t  t h e  
Center and East  Chance c la ims;  e s p e c i a l l y  ve ry  nea r  boundaries  of beds where 
permeabi l i ty  changes ab rup t ly .  See F igu re  42  f o r  s t r a t i g r a p h i c  d a t a  on t h e s e  
l o c a t i o n s .  

Seve ra l  uranium occurrences  a r e  known i n  complexly f a u l t e d  rocks  j u s t  
upslope from t h e  Mineta Formation ou tc rops .  These i nc lude  t h e  Blue Rock 
cla ims (Pima County) and Robles Spring c la ims  CCochise County). These 
r a d i o a c t i v e  occurrences  could have served a s  sou rce s  f o r  uranium i n  t h e  
Mineta Formation, as could disseminated pods of r a d i o a c t i v i t y  i n  Precambrian 
g r a n i t e s  j u s t  upslope from t h e  North Chance cla ims.  However, t h e r e  i s  no 
assurance  t h a t  t h e  s t r u c t u r a l l y  c o n t r o l l e d  occur rences  i n  t h e  o l d e r  t e r r a i n  
formed b e f o r e  t h e  Mineta Formation occur rences .  They could a l l  be p a r t  of a 
s i n g l e  m i n e r a l i z a t i o n  episode.  

Although some pre l iminary  exp lo ra t i on  work has  been done i n  t h e  Mineta 
Formation, t h e  d i scont inuous  n a t u r e  of t h e  r a d i o a c t i v e  ou tc rops  and t h e  s t e e p  
d ip s  of t he  format ion  d i scourage  development. P o t e n t i a l l y ,  however, similar 
rocks could u n d e r l i e  l a r g e  a r e a s  of t h e  ad j acen t  San Pedro Val ley a t  sha l low 
depths ,  p a r t i c u l a r l y  s i n c e  r a d i o a c t i v e  s h a l e s  a r e  noted i n  equivalent-aged 
sediments 10  m i l e s  e a s t  on t h e  w e s t  f l a n k  of t h e  Ga l iu ro  Mountains (Teran 
Basin occurrence of Cochise County). 



Precambrian Sediments and Unconformities 

A s  mentioned by Waechter (1979) s e v e r a l  i n t e r e s t i n g  r a d i o a c t i v e  
occur rences  i n  sou the rn  Arizona a r e  found a t  o r  v e r y  nea r  t h e  c o n t a c t  be- 
tween t h e  ba se  of t h e  Pioneer  Sha le  of t h e  younger Precambrian Apache Group 
(with  b a s a l  Scanlan Conglomerate miss ing)  where i t  was depos i ted  on Pre- 
cambrian g r a n i t e .  The r a d i o a c t i v i t y  appears  a s s o c i a t e d  w i th  " s i l i c i f i e d "  
r e d  s h a l e s  o r  "rnicropegmatites" o r  minor shea r  zones nea r  t h e  c o n t a c t .  
Sometimes t h e  r e d  s h a l e s  appear  a s  smal l  masses o r  pods w i t h i n  uppermost 
ou t c rops  of g r a n i t e ,  These occur rences  a r e  t h e  Dutch Boy, Hames, Hardrock, 
and Lonesome John c la ims  of G i l a  County, and v e r y  p o s s i b l y  a t  t h e  Red H i l l s  
c l a im  i n  t h e  sou thern  Rincon Mountains near  Tucson, Pima County. Other 
i n d i v i d u a l  occur rences  i n  G i l a  County (Bee Cave, Gran i t e  c la ims)  have s i m i -  
lar  a t t r i b u t e s ,  b u t  w i t h  o t h e r  mod i f i ca t i ons .  None of t h e  above occur rences  
except  Bee Cave have any record  of uranium product ion.  Bee Cave shipped 
on ly  one sma l l  shi-pment of "no pay" o r e  ( i . e . ,  a s says  less than  0.10% 
U a o 8 )  

I n  a r e c e n t l y  completed r e p o r t  by P. Anderson (GJBX-33(81), sediments  
of t h e  Ader, Mazatzal ,  and Apache Groups of c e n t r a l  Arizona were examined 
f o r  uranium p o t e n t i a l .  Mi-ld anomalies were l o c a t e d  i n  t h e  Mazatzal  sediments  
a s s o c i a t e d  w i th  s p e c u l a r i t e  and p y r i t e ,  and i n  sandstones  and conglomerates 
of t h e  Apache Group. Anderson a t t r i b u t e s  t h e  l a c k  of uranium i n  t h e s e  
sed iments  t o  t h e i r  pe rvas ive ly  ox id ized  s t a t e  and an  absence of f a v o r a b l e  and 
nearby Archean sou rce  t e r r a i n .  



NON- STRATABOUND OCCURRENCES 

Precambrian Granites 

Radioactivity dispersed in granites of Precambrian age in southern 
Arizona has been recognized since the late 1940's when the first AEC reports 
covering the Basin and Range country were published. Anomalies disseminated 
in Precambrian granites, for example, are noted at the Diamond Head claims 
of Pima County and the Gypsy Queen, Malapai No. 1, and Valcarce claims of 
Maricopa County (among others). 

With our increased understanding of ages of rock units as determined 
by isotopic dating techniques, new time-space patterns of uranium distribution 
i n  igneous rocks are emerging. Malan and Sterling (1969) summarized an AEC 
project that sought "exploitable uranium resources" in the Precambrian of 
the United States. They concluded that of the four geochronologic sub- 
divisions of the Precambrian of the Western United States in use at that 
time, the highest uranium and thorium contents (4.4 ppm and 32.4 ppm re- 
spectively) were found in the 1.35-1.50 b.y. old granite suite. They also 
noted an apparent geographic east-to-west increase of uranium and thorium 
content of granites from New Mexico to southern California, with virtually 
all of the 21 bulk samples with statistically anomalous U-Th values coming 
from west of the 112'meridian (near Phoenix). This spatial arrangement of 
anomalies led them to propose that these rocks, present in the Mogollon 
highlands in Mesozoic time, was a possible source of the uranium now found 
in the Colorado Plateau stratabound deposits. Their preferred model of 
mineralization is transfer of uranium in Precambrian basement into parent 
magmas of Triassic-Jurassic volcanic rocks whose pyroclastic components 
were mixed with the Mesozoic clastics and supplied leachable uranium to the 
sedimentary environment. 

Carlisle and others (1980), in a study of uranium mineralization of the 
Proterozoic sediments of the Kingston Peak Formation of the Death Valley region 
of California, examined the possibility of derivation of the sedimentary 
uranium from the anomalous crystalline rocks of the underlying World Beater 
crystalline complex. These rocks consist of older augen gneisses (age of 
about 1.8 b.y.) that contain 2.9 ppm uranium and 49 ppm thorium, intruded by 
a 1.35 bey. old porphyritic quartz monzonite that contains an average of 
27 ppm uranium and 70 ppm thorium. In the region, older metamorphosed sedi- 
mentary and crystalline assemblages of 1.7 b.y. age contain only a very few 
mild radioactive anomalies. Clearly, the 1.4 b.y.  old quartz monzonite is 
the most uraniferous of the Precambrians crystalline rocks of the area. 

Silver and others (1980) suggest that the uranium content of primary 
zircons in igneous rocks is a measure of the overall uranium content of the 
host rocks. Using this assumption, they have defined a regional uranium 
anomaly in the Precambrian basement rocks directly beneath that part of the 
Colorado Plateau which contains all of the major sandstone uranium districts 
(see their Figure 4, p.31). They have also applied U-Th-Pb isotopic system- 
atics to three granites in Southern Arizona that date at 1400-1450 m.y. and 



found evidence of s i g n i f i c a n t  uranium l o s s  r e l a t i v e  t o  thorium and l e a d  i n  
two of t h e  t h r ee .  These a r e  t h e  Ruin, Lawler Peak, and De l l s  Grani tes .  
Sampled p a r t s  of t h e  Ruin Gran i t e  (Globe-Lake Roosevelt  reg ion ,  G i l a  County) 
have l o s t  up t o  60% (6 gm./ton) of t h e i r  o r i g i n a l  uranium endowment probably 
w i th in  t h e  l a s t  75 m.y. Now, t h e  Ruin Gran i t e  samples con ta in  near-average 
c r u s t a l  con ten t s  of uranium and thorium. The Lawler Peak Grani te  (Bagdad 
Mine a r e a ,  Yavapai County) has  l o s t  25% of i t s  uranium during o r  s i n c e  two 
geologic  "events" a t  230 f 10 and 75 k 25 m.y. This  amount of l o s s ,  calcu-  
l a t e d  f o r  a reasonable  volume of weathered g r a n i t e ,  can account f o r  t h e  re-  
l e a s e  of 100,000 m e t r i c  tons  of uranium i n t o  t h e  environment. The De l l s  
Grani te  (Prescott-Chino Val ley,  Yavapai County) is one of t h e  most r a d i o a c t i v e  
g r a n i t e s  i d e n t i f i e d  i n  t h e  Southwest, a s  seen i n  t h e  a i r b o r n e  r ad iome t r i c  
surveys depic ted  i n  F igure  8 of S i l v e r  and o t h e r s '  paper.  It i s  a n  equi- 
g r anu la r  two-mica g r a n i t e ,  r e l a t i v e l y  massive and s t ruc~ t ;u re l e s s ,  and con ta in s  
about 39 ppm U and 31 ppm Th. Curiously,  t h i s  ve ry  r a d i o a c t i v e  rock i s  i n  
good i s o t o p i c  equi lbr ium and has  l o s t  ve ry  l i t t l e  of i t s  uranium o r  thorium 
a f t e r  c r y s t a l l i z a t i o n ,  based on a s i n g l e  sample s i t e .  The two t i m e s  (230 
and 75 may.) a t  which uranium l o s s  appears  t o  have occurred i n  two of t h e  
samples could be  r e l a t e d  t o  Permo-Triassic and Laramide orogenes i s  and 
volcanism. 

I n  a d e t a i l e d  s tudy  of t h e  Lawler Peak Grani te ,  S i l v e r  and o t h e r s  (1980) 
concluded t h a t  most of t h e  uranium i s  contained i n  r a r e  high-uranium mine ra l s  
such a s  b r a n n e r i t e ,  c o f f i n i t e ,  and t h o r i t e .  The remzinder i s  d i s t r i b u t e d  i n  
t h e  more common accessory minera l s  such a s  z i rcon ,  sphene, a p a t i t e ,  e t c . ,  and 
along i n t e r g r a n u l a r  p o s i t i o n s  and mic ro f r ac tu re s .  

By a l l  evidence,  t h e  1400 m.y. o ld  g r a n i t e  s u i t e  found throughout much 
of southern  Arizona, does con ta in  s t a t i s t i c a l l y  anomalous amounts of uranium. 
However, no important  uranium occurrences a r e  known i n  t he se  rocks where ob- 
v ious  shea r  o r  f a u l t  c o n t r o l  of t h e  occurrence i s  absent .  However, s e v e r a l  
d i s t r i c t s  i n  southern  Arizona wi th  uranium prospec t ing  o r  some product ion are 
s i t u a t e d  where t h e s e  g r a n i t e s  c o n s t i t u t e  a l l  o r  p a r t  of t h e  Precambrian base- 
ment, These areas inc lude  t h e  Bagdad reg ion ,  Globe-Miami, Horseshoe Dam a r e a  
(lower Verde River ) ,  no r the rn  Whetstone Mountains, Blue Rock claims of Rincon 
Mountainssand t h e  western S i e r r i t a  Mountains. I n  t h e  last  four  a r e a s ,  uranium 
occurrences a r e  s i t u a t e d  along l a r g e  f a u l t s  t h a t  juxtapose 1400 m.y. g r a n i t e s  
w i t h  younger rocks.  I n  each case ,  t h e  g r a n i t e  is  t h e  most l i k e l y  nearby rock 
t o  s e rve  a s  a source  of uranium. 

F l u o r i t e  i s  a common accessory mine ra l  i n  minera l ized  f a u l t s  and shea r s  
involv ing  Precambrian g r a n i t e s  and s c h i s t s  i n  Arizona (Van A l s t i n e  and Moore, 
1969) .  Many of t h e  uranium occurrences i n  g r a n i t e s  con ta in  accessory  f l u o r i t e ,  
as noted i n  t h e  i n d i v i d u a l  l i s t i n g s .  An example of a r a d i o a c t i v e  anomaly i n  
Precambrian g r a n i t e  w i th  f l u o r i t e  i s  i n  a shal low p i t  j u s t  e a s t  of Highway 666 
i n  N W ~  s e c  23, T l lS ,  R26E, (Graham County) where a t h i n  purp le  f l u o r i t e  v e i n l e t  
c u t s  t h e  g r a n i t e  ( t h i s  l o c a l i t y  n o t  t abu la t ed  i n  i n d i v i d u a l  l i s t i n g s ) .  Arizona 's  
l a r g e s t  f l u o r s p a r  mine t o  d a t e  i s  t h e  Lone S t a r  Mine i n  t h e  Whetstone Mountains 
o f  Cochise County. Here, g r een i sh  f l u o r i t e  v e i n s  up t o  2% f e e t  t h i c k  c u t  P i n a l  
S c h i s t .  Nearby, d r i l l i n g  programs by Kerr-McGee and Rocky Mountain Energy have 
probed f a u l t s  and shea r s  involv ing  Precambrian g r a n i t e ,  f o r  uranium anomalies 



concentrated near the present water table. Perhaps an association of 
Precambrian-aged fluorite mineralization with urani'um is suggested in 
this granite-schist terrain. At the Blue Rock clazms (noted above, 
and discussed under vein occurrences), purple fluorite veins cut the 
rocks near a uranium-mineralized 10-20 foot thick f a u l t  zone that has 
juxtaposed 1400 m.y. (?)  porphyritic granite with younger sediments. 



Jurassfc-Cretaceons,  Volcanic  Rocks 

South-central  Arizona 2s known t o  c o n t a b  a complex mix ture  of vol-  
c a n i c  and p l u t o n i c  rocks  produced dur ing  t h e  e x i s t e n c e  of a r c - s ty l e  mag- 
m a t i c  events  maximized dur ing  J u r a s s i c  through Cretaceous t i m e .  For des- 
c r i p t i o n s  of rocks,  see Cooper (1971), Drewes (1971, 1976, 1980),  Simons (1972), 
and Haxel and o t h e r s  (1980). These rocks  a r e  abundant throughout Santa  Cruz 
County, southwest Cochise County and southwestern Pima County. The bu lk  of 
t h e  rocks a r e  i n t e rmed ia t e  t o  s i l i c i c  i n  compos2tfon. and some are a l k a l i c  i n  
c h a r a c t e r  (S. Kei th ,  pe r s .  corn. ,1979). 

I n  Santa  Cruz County a lone ,  t h e r e  a r e  a t  least 16  known uranium 
occur rences  i n  v o l c a n i c  rocks  thought t o  be  of t h i s  age,  i nc lud ing  t h e  
fo l lowing:  Al to  Group, Annie Laur ie ,  Blue Jay,  Canary Yellow, Four Queens, 
Happy Day and Joe  Parker  No. 5,  Grandview Group, Happy Jack ,  L i t t l e  Doc, 
Lone S t a r ,  Purp le  Cow, Santa  Cla ra ,  Skyl ine ,  Sunset ,  and White Oak. Of t h e s e ,  
minor productfon 2s  recorded  from two: 9 tons  @ 0.28% U308 and 0.4% Cu from 
San ta  Cla ra ,  and 18  t ons  @ 0.34% U308from White Oak. Th i s  concen t r a t i on  of 
occur rences  i n  Santa  Cruz County was f i r s t  noted by Wright (1950). F igures  39 
and 40 d e p i c t  t h e  geology and e x t e n t  of mlning a t  White Oak. 

However, t h e  sequence o r  t iming of v a r i o u s  m i n e r a l i z a t i o n  even t s  i n  t h i s  
t e r r a i n  i s  n o t  e s t a b l i s h e d .  The exp lo i t ed  m i n e r a l i z a t i o n  i n  wes te rn  Santa  Cruz 
County is  predominantly a Pb-Zn-(Cu)-Ag-Au vein- type w i th  occas iona l  uranium. 
However, some 05 t h e  above uranium occurrences  appear  devoid of Pb-Zn-Ag 
m i n e r a l s ,  y e t  appear  i n  NE t r end ing  shea r s .  Product ion from t h e  Oro Blanco 
mining d i s t r i c t  (Ruby a r e a )  i n c l u d e s  617,000 t ons  of o r e  con t a in ing  44 m i l l i o n  
l b s  of l e ad ,  3 1  m i l l i o n  l b s  of z inc ,  3 . 3  m i l l i o n  ounces of s i l v e r ,  31,400 
ounces of gold,  and 2.7 m i l l i o n  l b s  of copper,  Many of t h e  minera l ized  v e i n s  
and s h e a r s  s t r i k e  about  ~ 5 0 ~ ~  ( s ee  F igure  391,  wi th  a secondary NW s t r i k e  com- 
ponent .  This  main s t r i k e  d i r e c t i o n  and mine ra l  a s s o c i a t i o n  noted above i s  
r emin i scen t  of e a r l y  Laramide (70-80 m.y.) v e i n  systems elsewhere i n  sou the rn  
Arizona (S.  Kei th ,  pers.comm.,Sept.l980). It remains t o  b e  determined whether 
t h e  uranium was in t roduced  w i t h  t h e  o t h e r  meta l s ,  perhaps dur ing  e a r l y  Laramide 
t ime ,  o r  was more a s s o c i a t e d  w i t h  e a r l i e r  m i n e r a l i z a t i o n  r e l a t e d  t o  J u r a s s i c  
magmatism. S ince  s e v e r a l  of t h e  r a d i o a c t i v e  occur rences  a r e  n o t  a s s o c i a t e d  
w i t h  v i s i b l e  Pb-Cu mine ra l s ,  t h e  la t ter  p o s s i b i l i t y  is n o t  dismissed.  There i s  
a s t r o n g  r e l a t i o n  between uranium and Cu-Pb-Zn-Au m i n e r a l i z a t i o n  a t  Bisbee 
(Cochise  County) where t h e  b a s e  me ta l  m i n e r a l i z a t i o n  h a s  been da ted  a t  lower- 
t o  middle  J u r a s s i c ,  and is  r e l a t e d  t o  t h e  emplacement of t h e  Jun iper  F l a t  
g r a n i t e  t h e r e  ( s ee  porphyry copper di 'scussion) , 

There a r e  a number of uranium occurrences  i n  t he  Squaw Gulch-Temporal 
Gulch a r e a s  of t h e  sou thern  Santa  R i t a  Mountains of Santa  Cruz County (Figure  
4 1 ) ,  a s s o c i a t e d  w i th  l imoni te -s ta ined  shea r  zones c u t t i n g  hydrothermal ly  a l t e r -  
ed p o r t i o n s  of t h e  Jurass ic-aged Squaw Gulch g r a n i t e .  See Blue Jay and Happy 
J a c k  occurrences  . The nearby Ivanhoe Mine produced mos t ly  gold,  w i th  o t h e r  
metals i n  low concent ra t ion .  Drewes (1971) r e p o r t s  a 145 m.y. age on t h e  Squaw 
Gulch g r a n i t e ,  and maps two hydrothermal ly  a l t e r e d  (Kaolinized) po r t i ons  of 
t h i s  s t ock ,  t h e  southernmost of which con t a in s  s e v e r a l  r a d i o a c t i v e  anomalies.  



See t h e  d i s cus s ion  on J u r a s s i c  g r a n i t e s  i n  sou the rn  Arizona i n  Drewes (1976),  
p. 24-29. The NURE Nogales NTMS quadrangle  e v a l u a t i o n  by Bendix sugges t s  
t h e  Squaw Gulch a r e a  t o  be  f avo rab l e  f o r  f u r t h e r  e x p l o r a t i o n .  

The p o t e n t i a l  f o r  uranium occur rences  i n  Jurass ic -Cre taceous  v o l c a n i c  
rocks remains poor ly  unders tood.  For example, d r i l l  programs i n  t h e  l a t e  
1970s i n  t h e  Squaw Gulch a r e a  d id  n o t  n e c e s s a r i l y  test  t h e  zones most favor -  
able f o r  uranium m i n e r a l i z a t i o n .  And a t  t h e  Happy Day c la ims  (Santa Cruz 
County), s e v e r a l  v e r t i c a l  s h e a r s  t r end  ~ 3 5 - 5 5 ' ~ ,  and d i s p l a y  capper c o l o r s  
a long t h e  v e i n s  on t h e  c e i l i n g s  of two s h o r t  a d i t s  d r i v e n  along t h e  v e i n s .  
Ear ly  produc t ion  from t h e s e  v e i n s  w a s  f o r  a r g e n t i f e r o u s  ga lena  and copper.  
The same v e i n s  con t a in  one-half inch  wide b l ack  m e t a l l i c  c r y s t a l l i n e  u r a n i n i t e -  
p i t chb l ende  l e n s e s  t h a t  count t o  100-200X background. Seve ra l  p a r a l l e l  s h e a r s  
and f r a c t u r e s  i n  t h e  immediate a r e a  a l s o  count abnormally h igh ,  y e t  v i r t u a l l y  
no assessment work and no d r i l l i n g  have been done. 
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I 
Porphyry Copper Deposi ts  

t The Basin and Range p o r t i o n  of Arizona i s  h o s t  t o  a  s e r i e s  of c a l c -  
a l k a l i c  p lu tons  and b a t h o l i t h s  which a r e  well-known f o r  t h e i r  copper and 
molybdenum con ten t s .  Age d a t e s  on p l u t o n i c  b i o t i t e  and on mine ra l i z a t i on -  
r e l a t e d  c h l o r i t e s  and s e r i c i t e s  g e n e r a l l y  f a l l  i n  t h e  t ime range  70-50 m.y. 
( T i t l e y  and Hicks,  1966; Jenny and Hauck, 1978) ,  and hence p l a c e  t h e  plu- 
tonism and r e l a t e d  t e c t o n i c s  i n t o  t h e  same g e n e r a l  t ime frame a s  t h e  c l a s s i c  
Laramide orogeny f i r s t  def ined  i n  Wyoming. 

Besides t h e  above meta l s ,  porphyry copper d e p o s i t s  c h a r a c t e r i s t i c a l l y  
con t a in  s m a l l  amounts of l e a d ,  z inc  and go ld .  However, on a  more r e f i n e d  
s c a l e ,  i t  appears  t h a t  t h e  o r e s  which c o n t a i n  p r i m a r i l y  Pb-Zn-Ag-Au w i t h  on ly  
minor Cu-Mo a r e  p a r t  of a  spatially r e l a t e d ,  e a r l i e r  Laramide m i n e r a l i z a t i o n  
ep isode  t h a t  was followed by t h e  Cu-Mo porphyry p lu ton  systems (S. Ke i th ,  
pers.comm.,l981). F i e l d  evidence sugges t s  t h a t  q u i t e  o f t e n  t h e s e  e a r l i e r  
f i s s u r e  v e i n  systems a r e  t runca ted  by t h e  l a t e r  p lu tons .  Some d a t i n g  evidence 
i n  sou theas t e rn  Arizona sugges t s  75-65 m.y. f o r  t h e  Pb-Zn m i n e r a l i z a t i o n  and 
perhaps 65-50 m.y f o r  t h e  Cu-Mo m i n e r a l i z a t i o n ,  wi th  ages  f o r  bo th  c a t e g o r i e s  
i nc r ea s ing  toward t h e  northwestern p a r t  of Arizona. I n  Arizona, i t  i s  t h e  
Pb-Zn systems t h a t  appear t o  have more c l o s e l y  a s s o c i a t e d  uranium occur rences ,  
r a t h e r  than t h e  Cu-Mo porphyry systems. 

Some Arizona porphyry copper companies a r e  beginning programs t o  ex- 
t r a c t  uranium from copper l e ach  s o l u t i o n s  pe rco l a t ed  through ox ide  dumps o r  
m i l l  t a i l i n g s .  Informat ion i n  GJO-100 (80) ( S t a t i s t i c a l  Data f o r  Uranium 
I n d u s t r y ) ,  da t ed  1 January 1980, sugges t s  t h a t  nat ionwide,  20,000 t ons  of 
U308 w i l l  b e  recovered through the  yea r  2000 from "copper dump l each  l i q u o r s . "  
Mines i n  Arizona a t  which uranium e x t r a c t i o n  i s  ongoing o r  soon t o  be i n i t i a t e d  
i nc lude  t h e  Twin But tes  Mine i n  Pima County (owned by Anamax, and Phelps  ~ o d g e ' s  
Morenci d e p o s i t  i n  Greenlee County. Anamax has  announced t h a t  f i r s t  yellowcake 
shipments were made from Twin But tes  i n  May, 1980. They expect  t o  s h i p  roughly 
120,000 i b s  of yellowcake (85% U308 concen t r a t e )  p e r  year  ( s ee  "Pay ~ i r t "  f o r  
Arizona, May, 1980 i s s u e ,  and Tucson C i t i z e n  newspaper, May 1, 1980 i s s u e ) .  
Also,  uranium s p e c i e s  have been noted a t  s e v e r a l  o t h e r  porphyry copper mines, 
such a s  a t  t h e  S i l v e r b e l l  Mine, Pima County ( t o r b e r n i t e  i n  Oxide p i t ) ,  t h e  
Copper C i t i e s  Mine, G i l a  County ( u n i d e n t i f i e d  uranium mine ra l s  i n  shea r  zones 
i n  t h e  p l u t o n i c  t e r r a i n ;  S t i l l ,  1962) ,  t h e  Ray Mine, P i n a l  County of Kennecott 
Corporat ion,  and a t  t h e  Esperanza Mine, Pima County ( t o r b e r n i t e  i n  a l t e r e d  
v o l c a n i c s ) .  De t a i l ed  informat ion on t h e  uranium geology of t h e s e  d e p o s i t s  i s  
lack ing .  Uranium seems most abundant i n  a s s o c i a t i o n  w i th  ox id ized  o r e s ,  super- 
gene-enriched a r e a s ,  o r  v e i n  replacements i n  country rock,  and w i th  shea r  o r  
f a u l t  zones. Within t h i s  geo log ic  framework, t h e  uranium cannot b e  demon- 
s t r a t e d  t o  have been der ived from t h e  hypogene s u l f i d e  systems. It could j u s t  
as w e l l  have come from o t h e r  sources  such a s  e x t e r n a l l y  der ived  groundwaters 
w i th  subsequent ly  p r e c i p i t a t i o n  i n  t h e  ox id ized  zone. 

The Warren mining d i s t r i c t  a t  Bisbee (Cochise County), under c o n t r o l  
of Phelps  Dodge Corporat ion,  a l though n o t  a  Laramide, bu t  r a t h e r  a  J u r a s s i c  
(170 m.y. age)  d e p o s i t ,  deserves  mention. The d i s t r i c t  i s  now i n a c t i v e  except  
f o r  copper l e a c h  ope ra t i ons ,  bu t  l e d  a  c o l o r f u l  l i f e  a s  a  major Cu-Pb-Zn-Au-.Ag 
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producer from 1878 t sn t t l  1975. Apparently, a concentrat2on of uranium i n  t h e  
l e a c h  l i q u o r s  e x i s t s  t h a t  might be p r o f i t a b l y  ex t rac ted .  Sketchy information 
i n d i c a t e s  t h a t  concent ra t ion  of uranium, along wi th  copper, i n  replacement 
v e i n s  i n  country rock (such a s  Paleozoic l imestones)  I s m o r e  b p o r t a n t  than 
uranium i n  the  hypogene o res  r e l a t e d  t o  the  J u r a s s i c  Juniper  F l a t  g r a n i t e  o r  
Sacramento s tock.  Cer ta in  of t hese  v e i n  systems w2th abundant and o f t e n  spec- 
t a c u l a r  azurite-malachite d e p o s i t s  count 2-5 tfmes background on the  s c i n t i l -  
lometer .  

Bain (1452) published a 1 0 4 2 6  m.y. u r a n i n i t e  age d a t e  from Bisbee , and 
Walker (1963) published two h ighly  d iscordant  ages  of 175 and 1200 m.y. on 
s i m i l a r  ma te r i a l .  These f n d i c a t e  some recen t  l e a d  f s o t o p i c  f r a c t i o n a t i o n  i n  
t h e  depos i t .  The B3sbee o res  may prove t o  be a major Arr'zona source of uranium 
from t h e  porphyry copper-type depos i t s .  It 2s in teres t i 'ng  t h a t  t h e  J u r a s s i c  
a r c  volcanism, which presumably produced the  Bisbee o res ,  i s  somewhat more 
a l k a l i c  (higher KS7. 5 va lues ,  Dfckinson, 1970; Kelth, 1978) than the  Laramide 
porphyry copper-related rocks of t h e  same regron @tan  Kei'th, persecom,1980) .  
Hence, an alkali\-uranium r e l a t i o n s h i p  i n  plutoni'c t e r r a f n s  may suggest  t h e  
f e a s i b i l i t y  of di-rect ing explora t fon  energy towards a reas  6av2ng t h e  more 
a l k a l i c  rocks. 

The uranium occurrences of t he  S i e r r i t a  Mountains a r e  an i n t e r e s t i n g  
example of probable Laramide uranium emplacement. Referr ing t o  Cooper's (1973) 
map of t h e  S i e r r i t a s  (USGS Map I -745) ,  a l l  the  uranium occurrences i n  t h e  main 
mountain range (Abe Lincoln, Black Dyke, Black Hawk, Diamond Head, Escondida, 
Glen, Hopeful, Leadvi l le ,  Lena,etc.)  a r e  reported a s  vein-type occurrences 
i n  N ~ O O E  o r  N20°w f r a c t u r e  o r  f i s s u r e  systems which cu t  a t e r r a i n  dominated by 
pre-67 m.y. old e a r l y  Laramide vo lcan ic s  ( ~ e m e t r i e  volcanics ,  Red Boy Rhyoli te)  
and probable T r i a s s i c  ( ? )  - J u r a s s i c  ( ? )  Ox Frame volcanics .  These rocks a r e  
a l s o  the  hos t  f o r  the  Pb-Cu-Ag-Au v e i n  systems of the  a r e a  (Kevstone Mine, 
e t c . ) .  This f a u l t e d  vo lcan ic  t e r r a i n  is  intruded by the  59-62 m.y. o ld  Ruby 
S t a r  g ranod io r i t e  which i s  thought t o  be r e l a t e d  t o  the  Cu-Mo porphyry s u l f i d e  
systems of the  Pima mining d i s t r i c t .  The uranium occurrences of t hese  porphyry 
systems (Twin But tes ,  Esperanza, New y e a r ' s  Eve p i t )  a r e  oxidized spec ies  
( t o r b e r n i t e ,  e t c . )  which occur exc lus ive ly  (?) i n  t h e  oxide zones of these  mines. 
The open p i t  mines l i e  under buried pediments on t h e  lower f l a n k s  of t h e  S i e r r i t a  
Mountains, and have undergone extens ive  leaching,  supergene enrichment, and 
e r o s i o n a l  modif ica t ion  i n  t h e i r  upper l e v e l s  s i n c e  Laramide time, much of i t  i n  
t h e  Miocene i n  response t o  Basin and Range pedimentation. Hence, w i th  the  numer- 
ous v e i n  occurrences i n  the  e a r l i e r  Jurassic-Cretaceous vo lcan ic s  upslope of 
t h i s  a r e a ,  one may p o s t u l a t e  e i t h e r  t h e  environment of t h e  hypogene s u l f i d e s  
of t h e  porphyry systems o r  weathering of t he  upslope vo lcan ic s  and ve in  systems 
a s  t h e  source of t h e  uranium minera ls  i n  t h e  porphyry copper oxide zones. 

Two Laramide porphyry copper-molybdenum systems a t  Mineral Park and Bag- 
dad a r e  discussed i n  the  s e c t i o n  on ve in  occurrences, bu t  c e r t a i n l y  s u b s t a n t i a t e  
a n  a s s o c i a t i o n  of uranium with t h e  pe r iphe ra l  Pb-Zn-Ag-Au ve in  systems of these  
Laramide depos i t s .  



Cenozoic Volcanic Rocks 

Although one of the more plentiful of the general rock types in 
Arizona Basin and Range country, the Cenozoic volcanic rocks contain relative- 
ly few uranium occurrences. These rocks range in chemistry from alkali olivine 
andesites to rhyolites, with voluminous latites and dacites, and volumetrically 
small proportions of alkali basalts and very alkalic trachytes (Shafiquallah 
and others, 1978). 

Much attention has focused on the Anderson Mine area of the Date Creek 
Basin of Yavapai, Yuma, and Mohave County in the 1970Ts, during which time an- 
nouncements were made of the discovery of at least 30 million pounds of U308 
reserves (See the section on Cenozoic sediments for details). Many workers 
have hypothesized that this sedimentary uranium was ultimately derived from 
juxtaposed mid-Tertiary volcanic rocks in the area. Yet, the volcanics dis- 
play many fewer surface anomalies than does,for example, the Precambrian 
crystalline terrain of the region. For instance, an alkalic series of flows 
in the Vulture Mountains, 40 miles southeast of the Anderson Mine, are devoid 
of uranium occurrences, as are similar-appearing flow sequences in the eastern 
arm of the Harcuvar Mountains, 25 miles farther west, At the west end of the 
Vulture Mountains, in a volcanic and volcanoclastic-dominated section, two 
uranium occurrences are noted in intercalated mudstones and thin-bedded lime- 
stone (Black Butte and Jar claims, Maricopa County), while the enclosing vol- 
canic~ contain no known occurrences. Ten miles east of Wickenburg, a single 
area at the Golden Duck claims (Maricopa county) contains torbernite and other 
uranium minerals with chryscolla in shear zones cutting an alkali rhyolite 
vent complex of presumed early-middle Miocene age. 

In the southeast part of the state, there are three large well-exposed 
volcanic centers of mid-Tertiary age; the Superstition Field, east of Phoenix; 
the Galiuro Field, east of Tucson; and the Chiricahua Field northeast of 
Douglas. All probably have larger exposed volumes of silicic rocks (rhyolites, 
dacites, latites) than andesitic rocks, yet have only rare uranium occurrences. 

In the Chiricahua Mountains proper, a Late Oligocene, less deformed ignim- 
brite series (Rhyolite Canyon Formation of Marjaniemi, 1968) has a generally 
higher scintillometer count rate (300-500 cps with a Geometries GR 101-A instru- 
ment over large areas) than a middle Oligocene, more deformed silicic flow 
series (Faraway Ranch Formation of Sabins, 1957, with 150-250 cps average 
readings), yet contains no known uranium anomalies in the main mountain mass. 
New NURE data on these two rock sequences indicate very similar K20 contents, 
yet the younger rhyolites have four times the uranium content and twice the 
thorium content of the older rocks, based on a few field gamma ray spectro- 
metric analyses. As well, a fluviolacustrine sequence intercalated into the 
Faraway Ranch silicic volcanics (termed "unknown C1' in Cochise County listing) 
contains fetid thin-bedded limestones, and displays no anaomalous radioactivity. 
This would seem to hint that very little uranium was available in the surround- 
ing volcanics for incorporation into the organic-rich sediments. 

Elsewhere in southeast Arizona, a few radioactive occurrences are situated 
in mid-Tertiary volcanics. The Last Chance claims and the Little Swede Mine 
(Cochise County), about 10 miles east of Douglas in the Perilla Mountains occur 



along fractures cutting a rhyolite porphyry complex mapped as mid-Tertiary 
in age by Drewes (1980). The Fluorine Hills and Elanna claims near Pearce, 
in the Sulfur Springs valley (Cochise county) are also both in faulted rhyolite- 
volcanic agglomeratic rocks of mid-Tertiary age, according to Drewes (1980). 
All these rocks are probably cogenetic with the rhyol2tes of the Chiricahua 
Mountains. The Golondrina claims (Graham County) contain rad2oactive pyromo- 
phite with Cu-Pb-Ag minerals in a broad N-S shear zone cutting flow breccias 
and agglomerates of probable mid-Tertiary age (Drewes, 1980). 

In the Atascosa-Tumacacori-Oro Blanco area northwest of Nogales, it 
appears that the uranium occurrences there are much more confined to an 
outcropping altered Jurassic-Cretaceous volcanic sequence than to a moderately 
sized mid-Tertiary volcanic blanket, although these volcanic sequences have 
not necessarily been adequately differentiated on geologic maps. The fact 
that no uranium occurrences are known in the Cenozoic volcanics in this region, 
and yet many occurrences are recorded in the underlying rocks, suggests the 
Cenozoic volcanics are not especially uraniferous. 

The uranium-beryllium-fluorine association in volcanic rocks noted in 
such areas as the McDermitt and Thomas calderas (Files, 1978; Wallace, et al, 
1980) has not yet been recognized in Arizona, although Burt and Sheridan 
(1980, p.44) list two topaz rhyolite occurrences in the State, at Saddle 
Mountain in the southeast, and along Burro Creek, in the west-central part. 
Their Figure 1, p. 41, suggests that fluorine-bearing volcanic rocks are found 
in an area almost entirely surrounding the Colorado Plateau. This suggests 
that more rocks of this type nay be found in central Arizona. 



Vein, F a u l t ,  and Shear Zone Occurrences 

Southern and wes t e rn  Arizona con t a in s  numerous uranium occur rences  
i n  s t r u c t u r a l l y  c o n t r o l l e d  p o s i t i o n s  r e l a t e d  t o  qua r t z - r i ch  v e i n s ,  peg- 
m a t i t e ~ ,  f a u l t s ,  shea r  o r  f i s s u r e  zones,  and a long  l i t h o l o g i c  c o n t a c t s  
i n  c r y s t a l l i n e  and metamorphic t e r r a i n s .  These occur rences  appear  es- 
p e c i a l l y  p r eva l en t  i n  t h e  Precambrian g r a n i t e  and s c h i s t  t e r r a i n  of 
Graham, Maricopa, Yavapai, and Mohave Count ies ,  b u t ,  a s  seen below, o f t e n  
record post-Precambrian m i n e r a l i z a t i o n  i n  a r e a s  where geochronology i s  
known. This s e c t i o n  mentions t hose  vein- type occur rences  w i t h  s c a t t e r e d  
ages  and d i v e r s e  geology, which do n o t  f i t  n e a t l y  i n t o  t h e  prev ious  s e c t i o n s ,  
a l though t h e  H i l l s i d e  Mine and Wallapai  d i s t r i c t  occur rences  are most 
l i k e l y  r e l a t e d  t o  Laramide m i n e r a l i z a t i o n .  

Walker and Osterwald (1963) l i s t  1 2 7  vein- type occur rences  i n  
sou thern  Arizona, and g i v e  an  e igh t - fo ld  c l a s s i f i c a t i o n  scheme i n t o  which 
t h e s e  descr ibed  occurrences  a r e  placed.  I n  t h e i r  scheme, t h e  most numerous 
Arizona occurrences  a r e  i n  ( 2 )  ba se  m e t a l  s u l f i d e  v e i n s  w l t h  acces so ry  
carbonates  and s i l i c e o u s  m a t e r i a l s ,  (b) v e i n s  dominated by uranium mine ra l s  
( e i t h e r  ox id ized  o r  reduced spec i e s )  w i th  e s s e n t i a l l y  no base  m e t a l  shows, 
bu t  wi th  accessory  g e o t h i t e  and p y r i t e ,  and (c )  v e i n s  w i t h  f l u o r i t e  and 
accessory b a r i t e ,  c a l cT te ,  and s i l i c a ,  and occas iona l  Pb, Zn, Cu, o r  Mo. 

Often i n  shear-or vein- type occur rences ,  t h e  d a t a  sugges t  l e ach ing  of 
uranium from Precambrian h o s t  rocks and i t s  inco rpo ra t i on  i n t o  t h e  v e i n  
systems a t  t h e  t ime of m i n e r a l i z a t i o n ,  such a s  t h e  many occur rences  i n  
Maricopa County where only Precambrian c r y s t a l l i n e ,  metasedimentary,  o r  meta- 
vo l can i c  rocks a r e  exposed over l a r g e  areas surrounding t h e  occur rences .  
See Altuda, Arrowhead, Bick le  and Manley, Copper Kid, Dale-Compton, Lucky 
Find, Napsack, and Red Rover c la ims i n  Maricopa county f o r  examples of t h e s e  
occurrences .  Often t h e  time of m i n e r a l i z a t i o n  a t  Precambrian h o s t  occur rences  
i s  unknown. The Big Load and Stony Peak c la ims  i n  Stockton p a s s  of t h e  
Pinaleno Mountains, Graham County, r eco rd  uranium concen t r a t i on  a long  la rge-  
s c a l e  N500 W f a u l t s  and i n  a t t e n d a n t  s p r i n g  wa te r s .  Here t h e  on ly  count ry  
rocks f o r  s e v e r a l  m i l e s  are Precambrian g r a n i t i c s  and g n e i s s i c  rocks .  And 
a t  t h e  Red Rover mine of Maricopa County where cons ide rab l e  copper and s i l v e r  
wi th  minor gold was mined o u t  of f i s s u r e  zones i n  Yavapai S c h i s t ,  t h e r e  i s  
no obvious evidence f o r  t h e  t ime of m i n e r a l i z a t i o n .  

Perhaps t h e  g r e a t e s t  concen t r a t i on  of ve in - l i ke  uranium occur rences  
i n  t h e  s t a t e  i s  i n  t h e  Wallapai mining d i s t r i c t  of t h e  Cerbat Mountains. 
Here, an  ex t ens ive  NNW t rend ing  s e r i e s  of v e i n s ,  mined f o r  Pb-Zn-(Cu)-Au-Ag 
and w i th  t h i c k  l e n t i c u l a r  masses of gouge a l s o  con t a in  many r a d i o a c t i v e  
anomalies,  a l though  no uranium produc t ion  i s  recorded.  The h o s t  r ocks  a r e  
va r ious  Precambrian c r y s t a l l i n e s ,  b u t  t h e  v e i n s  a r e  contiguous w i t h  t h e  
Laramide Mineral  Park porphyry copper p l u t o n  system, and con t a in  evidence 
of  geochemical zoning wi th  r e s p e c t  t o  t h a t  system. Eide l ,  e t  a 1  (1968) 
suggest  t h a t  t h e  Pb-Zn-Ag v e i n  system c o n s t i t u t e s  t h e  l a s t  of t h r e e  s t a g e s  



of hydrothermal m i n e r a l i z a t i o n  r e l a t e d  t o  t h e  Minera l  Park porphyry 
Cu-Mo system. See a l s o  Thomas (1949) and Dings (,1451) f o r  d e s c r i p t i o n s  of 
m i n e r a l i z a t i o n  s t u d i e s  of t h e  Wallapi  d i s t r i c t .  Dmon and Mauger (1966) 
da ted  t h e  Mineral  Park porphyry a t  72 m.y. by t h e  K / A r  method. 

The H i l l s i d e  Mine of Yavapai County e x p l o i t s  a N-S t r end ing  s u l f i d e  
v e i n  system w i t h  a n  a s s o c i a t e d  f a u l t  system (.Anderson, and o t h e r s ,  1955) 
f o r  2,700 f e e t  of ou tc rop  l eng th .  Product ion between 1887 and 1956 amounted 
t o  6.50 m i l l i o n  l b s  of Pb, 3.36 m i l l i o n  l b s  of Zn, 1.31 m i l l i o n  oz.  Ag, 
58,700 oz,  Au, and 0.40 m i l l i o n  l b s  of Cu. The mfne ra l2za t i on  i s  most 
l i k e l y  Laramide i n  age,  and i s  a s s o c i a t e d  w i t h  t h e  nearby Laramide Bagdad 
depos i t .  Nearby, massive s u l f i d e  m i n e r a l i z a t i o n  a s s o c i a t e d  writh Precambrian 
volcanism f n  t h e  Bagdad area c o n s i s t s  of pyr i te -chalcopyr i te -sphaler i te  
(S. Kei th ,  p e r s . c o m . ,  1981), b u t  appears  t o  l a c k  r a d i o a c t i v e  anomalies.  
Uranium m i n e r a l i z a t i o n  accompanies t h e  v e i n  system, and Anderson, e t  a l ,  
r e p o r t  a s i n g l e  company a s say  of 2.3% U308 from t h e  now-flooded 700 f o o t  
l e v e l ,  d i r e c t l y  down d i p  from uranium mine ra l  occur rences  on t h e  300 f o o t  
l e v e l  s t u d i e d  by Axelrod, e t  a l ,  (1951). Twenty-one t o n s  of mine t a i l i n g s  
assay ing  a t  0.28% U308 were shipped from t h e  mine i n  1951. AEC personne l  
sampled t h e  upper and lower t a i l i n g s  p i l e s  from the n i n e  i n  15159 and ca l -  
cu l a t ed  45,000 t o n s  and 130,000 tons ,  r e s p e c t i v e l y ,  of m a t e r i a l  assay ing  
0.06% U308 remains i n  t h e  tailings. 

An i n t e r e s t i n g  example of a minera l ized  f a u l t  zone occur rence  i s  t h e  
Blue Rock p rope r ty  of Redington Pass  i n  t h e  Santa  Catalina-Rincon Mountains 
of Pima County. See Thorman and o t h e r s  (1978) f o r  a geo log i c  map of t h e  
a r e a .  A s  i n d i c a t e d  i n  F igure  42, a 5-10 f o o t  t h i c k  f a u l t  zone s t r i k e s  NNW 
and d i p s  20-30° NE, and jux taposes  p o r p h y r i t i c  g r a n i t e  of p robable  Precam- 
b r i a n  age a g a i n s t  a t e c t o n i c a l l y  complex assemblage of Cretaceous c l a s t i c  
sediments ,  Pa leozoic  l imes tones ,  and Precambrian P i n a l  S c h i s t  C ? ) .  Quartz 
v e i n s  con t a in ing  vugs l i n e d  w i th  pu rp l e  f l u o r i t e  a r e  found i n  t h e  immediate 
a r e a  of t h e  f a u l t  zone. Recent e x p l o r a t i o n  d r i l l i n g  i n  t h e  a r e a  ha s  cen t e r ed  
on t h i s  f a u l t  zone and p o s s i b l e  o t h e r s  a t  shal low depths .  Nearby, s e v e r a l  
o t h e r  occur rences  ( s ee  Robles Spring and Van H i l l  No. 5 c la ims)  are i n  
f a u l t  c o n t r o l l e d  p o s i t i o n s  w l t h  t h e  same rock u n i t s  p r e s e n t .  The f a u l t  zone 
and i t s  contained uranium m i n e r a l i z a t i o n  i s  no o l d e r  t han  mid-Cretaceous 
assuming a c o r r e c t  i d e n t i f i c a t i o n  of t h e  youngest f a u l t e d  rocks  a s  being 
u n i t s  of t h e  Bisbee Group. S t i l l  o t h e r  uranium occur rences  nearby are i n  
Cenozoic sediments  (see Chance c la ims ,  Pima County), which, from t h e  p r e s e n t  
geo log i c  s e t t i n g ,  may have der ived  t h e i r  uranium conten t  from t h e  ups lope  
Blue Rock a r e a .  Coney and Reynolds (1980) have c i t e d  t h e  Blue Rock occur- 
r ence  as p o s s i b l y  a s s o c i a t e d  w i th  a " d i s l o c a t i o n  sur face"  r e l a t e d  t o  t h e  
Santa  Catalina-Rincon metamorphic co re  complex. They n o t e  (p.238-239) common 
hemati te-chrysocolla-pyri te-bari te-calci t -manganse m i n e r a l i z a t i o n  a s s o c i a t e d  
w i t h  t h i s  c l a s s  of f a u l t s  elsewhere.  The P r i d e  Mine of no r the rn  Yuma County 
i s  developed i n  Cu-Fe m i n e r a l i z a t i o n  a long  a d i s l o c a t i o n  s u r f a c e  and has  minor 
r a d i o a c t i v e  anomalfes a s s o c i a t e d  w i th  l imon i t e  pods near  t h e  f a u l t  (Scarborough 
and W i l t ,  1979, p.69). 



An a r e a  showing hydrothermal m o b i l i z a t i o n  and concen t r a t i on  along 
s h e a r s  of uranfum m i n e r a l i z a t i o n  i s  i n  Squaw Gulch of t h e  sou the rn  Santa  
R i t a  Mountains. F igure  41, modif ied from D r e w e s  (19711, i n d i c a t e s  t h e  
geo log ic  s e t t i n g  of t h e  mine ra l i z ed  J u r a s s i c  (145 m.y.) Squaw Gulch 
g r a n i t e .  Two a r e a s  i n  t h e  g r a n i t e  t h a t  show i n t e n s e  a r g i l l i c  a l t e r a t i o n  
of f e l d s p a r s  (shown i n  t h e  f i g u r e )  con t a in  numerous mi ld  r a d i o a c t i v e  
anomalies,  a s  noted o r i g i n a l l y  on t h e  Blue J ay  PRR (Santa  Cruz County). 
These a r e a s  a r e  a l s o  t h e  l o c i  of hema t i t e  - b u l l  q u a r t z  v e i n s  fo l lowing  
s e v e r a l  major d i r e c t i o n s  of shea r ing ,  e s p e c i a l l y  E-W _f l o 0 ,  and N-S f 30°. 
Radioact ive anomalies a r e  found most o f t e n  i n  i n t e n s e l y  kao l in i zed  g r a n i t e  
very near  concen t r a t i ons  of t h e s e  hema t i t e  v e i n s ,  a l though  o f t e n  n o t  i n  
t h e  ve in s .  Also,  t h e  anomalies a r e  most i n t e n s e  i n  v a l l e y  f l o o r s ,  grading 
t o  b a r e l y  n o t i c e a b l e  a long r i d g e  c r e s t s .  An o l d  pre-1920 mining ope ra t i on  
i n  t h e  a r e a  a t  t h e  Ivanhoe Mine recovered cons ide rab l e  Ag-Au-Pb- (Cu) , y e t  
is  devoid of r a d i o a c t i v e  anomalies a t  t h e  s u r f a c e  and on t h e  mine dumps, 
Overa l l ,  t h e  Squaw Gulch g r a n i t e  i n  t h e  s i x  square  m i l e  a r e a  cen te red  
around F igure  41 con t a in s  dozens of sma l l  d i scont inuous  pocke ts  of hydro- 
thermal a l t e r a t i o n  no t  shown i n  t h e  f i g u r e ,  some of which con t a in  rad io-  
a c t i v e  anomalies.  It may be  worthwhile t o  i n q u i r e  about p o s s i b l e  enr ich-  
ment of uranium s p e c i e s  nea r  t h e  p r e s e n t  shal low water  t a b l e  i n  t h e  a r e a ,  
s i n c e  t h e r e  a r e  s i g n s  of pervas ive  anomalous uranium con ten t  a t  t h e  su r f ace .  
The age of t h i s  m i n e r a l i z a t i o n  may b e s t  b e  gauged a s  Laramide based on 
(1) p robable  Laramide ages  of E-W d i k e s  found throughout t h e  Santa  R i t a s  
( s e e  Drewes, 1971) and no t ing  t h a t  many pronounced anomalies i n  t h e  Squaw 
Gulch a r e a  appear  l o c a l i z e d  near  E-W s h e a r s ,  and ( 2 )  t h e  former presence  
of l a t e  Cretaceous vo l can i c  cover over t h e  Squaw Gulch g r a n i t e  (Temporal 
and Sa l e ro  Formations,  s e e  Drewes, 1971) p rov ides  a mechanism f o r  hydro- 
thermal a l t e r a t i o n  of Laramide age i n  t h e  a r e a .  Note a l s o  t h a t  t h e  Duranium 
Mine (Santa Cruz County), 10 mi l e s  nor thwest  of he r e ,  i s  i n  an  E-W shear  
zone c u t t i n g  Cretaceous sediments.  That mine i s  d i scussed  elsewhere i n  t h i s  
r e p o r t .  The NURE Nogales quadrangle  e v a l u a t i o n  by Bendix personne l  sugges t s  
t he  Squaw Gulch a r e a  i s  f avo rab l e  f o r  p o t e n t i a l  uranium re sou rce s .  

The Black Dyke prospec t  of t h e  S i e r r i t a  Mountains of Pima County was 
o r i g i n a l l y  developed f o r  copper on a NW-trending sheared con t ac t  between 
Pa leozoic  metasediments and Precambrian g r a n i t i c  p lu tons .  The mined v e i n  
m a t e r i a l  con t a in s  u r a n i n i t e ,  pu rp l e  f l u o r i t e ,  and ox id ized  copper mine ra l s .  
Eleven tons  of o r e  shipped i n  1957 averaged 0.18% U308. An a d d i t i o n a l  49 
tons  of ''no pay" o r e  averaging 0.06% U308 and 0.04% V 2 O 5  was shipped i n  1956. 
Some p o t e n t i a l  f o r  f u r t h e r  m i n e r a l i z a t i o n  remains.  Most l- lkely,  t h e  mine ra l i -  
z a t i on  i s  Laramide t n  age,  perhaps r e l a t e d  t o  t h e  ex t ens ive  Pima mining d i s t r i c t  
copper porphyry systems t o  t h e  e a s t ,  A t  l e a s t  one of t h e  mines i n  t h i s  d i s t r i c t  
(Anamax's Twin But tes  Mine) i s  p r e s e n t l y  recover ing  uranium from l each  c i r c u i t s .  



Figure  42 I t 



THORIUM I N  ARIZONA 

Known o r  suspec ted  occurrences  of thorium mine ra l s  i n  Arizona a r e  
i n d i c a t e d  i n  t h e  geology s e c t i o n s  of t h e  i n d i v i d u a l  l i s t i n g s .  These f a l l  
i n t o  gene ra l l y  two c a t e g o r i e s ,  vein-pegmatite occur rences ,  and b l ack  p l a c e r  
sand depos i t s .  

Many of t h e  r a d i o a c t i v e  pegmati te  occur rences ,  such a s  i n  t h e  Aquarius 
Mountains and a t  s c a t t e r e d  p l a c e s  through t h e  Precambrian c r y s t a l l i n e  t e r r a i n  
of c e n t r a l  Arizona (Yuma, Yavapai, Maricopa Count ies)  y i e l d  low chemical uranium 
ana lyses  compared t o  r a d i o a c t i v e  ana lyses  and hence probably con t a in  thorium 
minera l s  such a s  euxen i t e ,  f e r g u s o n i t e ,  samarsk i te ,  o r  a l l a n i t e .  No mining 
of t he se  d e p o s i t s  f o r  thorium conten t  i s  recorded.  S t a a t z  (1974) g i v e s  chemi- 
c a l  and minero log ica l  ana ly se s  of two thorium v e i n  occur rences  i n  Arizona. 
The Farview claims (Yavapai County) a r e  i n  a "b recc i a  body" 100 x 60 f e e t  
a c r o s s  i n  a metamorphosed vo l can i c  h o s t  rock,  and con t a in  r a r e  t h o r i t e  w i th  
abundant dolomite ,  l i m o n i t e ,  and g e o t h i t e .  The Goodman Mine group of Yuma 
County(Staa tz l s  Q u a r t z i t e  l o c a l i t y )  has  a s says  of up t o  0.27% Tho2 a long  a 
p a r t  of a WNW-trending s h e a r  zone which c u t s  Mesozoic ( ? )  quar tzose  e p i d o t e  
s c h i s t  and metasediments. H e  records  t h o r i t e  and a l l a n i t e  w i th  magnet i t e  
and i r o n  oxides  from t h i s  occurrence.  

The Beche t t i  Lease n e a r  Jerome, Yavapai County, con t a in s  a 25 foo t - t h i ck  
q u a r t z  ve in  i n t r u d i n g  Precambrian metavolcanics  and metasediments.  Chemical 
a s says  on s i x  smal l  samples i n d i c a t e  Tho2 con t en t s  of 0 . 2  t o  1 .4% and U 3 0 8  
con t en t s  on t h e  same samples of 0.003-0.01%. The vein i s  descr ibed  a s  con- 
t a i n i n g  qua r t z ,  l imon i t e ,  and hemat i te  a s  major mine ra l s  and is  mapped f o r  
nea r ly  1,000 f e e t  a t  t h e  su r f ace .  

Radioact ive b l ack  p l a c e r  sand d e p o s i t s  have been no ted  i n  two environ- 
ments i n  Arizona. These are f o s s i l  s h o r e l i n e  d e p o s i t s  r e l a t e d  t o  t h e  Mancos 
and Bisbee seaways of t h e  Western I n t e r i o r ,  and b l ack  p l a c e r  sand concen t r a t e s  
i n  modern s t ream al luvium i n  t h e  Basin and Range count ry  of Maricopa and 
Pima Counties.  

Cretaceous b l ack  sands of t h e  Toreva Formation of t h e  Black Mesa Basin 
a r e  descr ibed  by Murphy (1956) and Houston and Murphy (.1977). They t y p i c a l l y  
c o n s i s t  of opaque i ron- t i t an ium oxides  and z i r con ,  wi th  minor v a r i a b l e  amounts 
o f  r u t i l e ,  monazite,  sphene, a p a t i t e ,  a l l a n i t e ,  niobium-bearing opaque mine ra l s ,  
ana t a se ,  and s p i n e l .  Rad ioac t i v i t y  i s  due t o  v a r i a b l e  amounts of uranium and 
thorium. Houston and Murphy desc r ibe  t h r e e  1 o c a l i t S e s  on Black Mesa which a r e  
thought t o  r ep re sen t  r e g r e s s i v e  beach and tide-reworked sandstones  i n  t h e  
Toreva Formation. These d e p o s i t s  a r e  10-20 m.y. o l d e r  than  t h e i r  geo log i c  
equ iva l en t s  i n  t h e  no r the rn  Rocky Mountains reg lon .  

S l i g h t l y  r a d i o a c t i v e  b l ack  sand concen t r a t e s  a r e  a l s o  noted i n  f l u v i a l  
channel  depos i t s  a s s o c i a t e d  w i th  t h e  P e t r i f i e d  Fo re s t  Member of t h e  Chinle  
Formation, e i g h t  m i l e s  n o r t h  of Cameron, one-tenth m i l e  e a s t  of new Highway 89. 

I n  s e v e r a l  p a r t s  of t h e  Basin and Range count ry ,  modern s t ream al luvium 
conta in ing  b lack  sands ha s  been noted t o  be s l i g h t l y  r a d i o a c t i v e .  I n  Pima 
County, c la ims have been s t aked  i n  t h e  no r the rn  S i e r r i t a s  (.England, W i l l ,  
Bixby) and i n  t h e  Happy Val ley  a r e a  (Dol la r  B i l l ) ,  and i n  t h e  Big Horn Mountains 



of Maricopa County (Black Magic). The radioactivity in these deposits is 
probably due to both uranium and thorium in several heavy mineral species 
hydraulically concentrated along the stream courses. Apparently, these 
placers are being derived from both Precambrian and Laramide crystalline 
source rocks. 
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